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PREFACE. 



The design of this book is to give such a full and intelligible 
an account of the minerals selected for description in it as 
shall be useful and interesting to persons engaged in mining 
pursuits, and in the manufacture of the substances described ; 
while it is also hoped that it will possess some interest for the 
general reader. It does not aspire to be a manual of miner- 
alogy, although it is hoped that the classified list of minerals, 
with a brief description of each species, given at the end of 
2^ the book, will serve to show the mineralogical position of each 
^ mineral described, and form an introduction, for the student 
ID who may desire it, to the more elaborate and systematic trea- 
tises on mineralogy. It is intended as a companion volume 
Kr to my work on " Metalliferous Minerals and Mining," and 
perhaps, in point of time, it should have preceded that 
volume. 
1^ It will be observed that in the present book the distinctively 
U earthy minerals are first considered. Next come those minerals 
S^ which are compounds of earths and alkalies, some of which 
have a metallic base ; after which carbon and compounds of 
carbon are noticed. Sulphur next occupies a place by itself. 
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and then follow a number of metallic minerals distinguished by 
the extreme diliiculty with which their metals have been ex- 
tracted from them, and the rapidity with which those metals, 
when so obtained, and when unalloyed with others, unite with 
oxygen. 

The student is thus led up to the series of useful and noble 
metals described in the volume on " Metalliferous Minerals 
and Mining." In both volumes prominence is given to the 
way in which the minerals described occur in the strata of the 
earth. 

Of necessity a work of this kind must to a large extent be 
a compilation. It may, however, be permitted to me to say 
that a considerable portion of the information it contains is 
the result of my own obser\'alion and experience in the course 
of raining travels and wurk at home and abroad. I have 
thus been able to supplement the researches of others by tby 
own. 

My hope is that the work which is the outcome of these 
combined researches may prove a useful one, and, with its 
companion volume, be found of permanent value for informal 
tion and reference. 

D. C Davies. 

Ebnal Lodgb, Gobowen, Oswestry, 
Afrii is«, 1884. 
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PART I. 
EARTHY MINERALS. 

SILICA, ALUMINA, LIME, MAGNESIA, GLUCINA, 

ZIRCONIA, THORIA, WITH SOME OF 

THEIR COMBINATIONS. 
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A TREATISE ON 

iARTHY AND OTHER MINERALS 

AND MINING. 



CHAPTER I. 
SILICA AND SOME OP ITS COMBINATIONS, 

Silicon — Oxygen — Silica — Description — Proportions in Rotk Masses — 
Redeposited Silica in Cavities, Cracks, and Beds — Daubr€e's Experi- 
ments on the Decomposition and Crystallisation of Varieties of Quartz, 
Vitreous, Chalcedonic, Jaspery — Rock Crystal and its Varieties — Chalce- 
dony — Agates — Flint — Chert — ^Jasper — Opal — Analyses of Rocks 
containing much Silica and Alumina. 

SILICA. 

Of the sixty-four simple elements of which, as far as we know, 
the earth is composed, the most abundant are silicon and 
oxygen. These two, combined in the proportion 51*96 of 
silicon with 48*04 of oxygen, form silica, of which mineral it is 
estimated that two- thirds of the earth's crust is formed. 

The true nature of silica began to be investigated in the 
year 1807 ; but it was not understood until a few years afterwards, 
when Berzelius extracted from it the simple element silicon, 
which, on combining with oxygen in the proportion just given, 
iorms the white powder known as silicic acid or silica. 

The simple element silicon has been obtained, by Wohler 
and Deville, in transparent crystals as hard as the diamond, to 
which they bear a certain exterior resemblance; also in metallic 
crystals imitating graphite, and also in a black non-crystalline 
powder. 
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The colour of pure silica, as seen in crystallised quartz, 
while ; but along with the combination of silicon and oxygen 
in its composition there is usually a small admixture of Other 
substances, chiefly metallic oxides, iron, manganese, &c., ■ 
hereafter described, and these give to it various other coloitf 
including those which make some of its varieties valuable | 
precious stones. 

In hardness, silica ranks as 7.' and it may be easily i 
tinguished in this respect from the fact that it cannot ] 
scratched by an ordinary penknife. In a massive forral 
ranges from opaque lo translucent, but in separate crystals in 
transparent. It crystallises into several shapes, the comm 
form being 

column, capped by a pyJ 
mid of an equal numberV 
sides, as shown ii 

Of itself it is infusil^ 
but with soda it melts q 
forms glass. Under o 
conditions, as will be s 
it is soluble. It fonoB i 
chief constituent of 
rock masses of the | 
In granitic and gneif 
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especially among the older rocks, 
rocks it is present lo the extent of 66 to 75 per cent. 
imperfectly cleaved slaty rocks of the Cambrian and Sill 
strata contain &om 60 to 70 per cent. In the greenstone 
syenitic rocks of the same formations it forms from 45 
per cent, of the mass, and in the porphyiitic rocks of the 
groups it ranges from 59 to 75 per cent. In the sandstoni 
the millstone grit, the Coal-measures and of the New 
Sandstone group of rocks, it is present up to 93 per cent,,' 
cementing matter consisting of small portions of lime, alunil 
and magnesia. Full analyses of several of these rocks 
given at the close of this chapter. 

In these rock masses, besides alumina, which is in tbi 



JCA. 5^ 




REDEPOSITED AND CRVST.VLUSED SIUCA. 

chief associate of silica, Uieie are proportions of soda and 
pgUsh up to 14 per cent., with small quantiiies of lime, mag- 
nesia, and the oxides of various metals. As we shall see in 
treating of days, it is the presence of soda and potash which 
has, during vast periods of lime, facilitated the dissoKing of 
the silica out of the mass preliminary to its being redeposiled 
with a portion of alumina as clays. 

Besides this great ledeposition of the silicious and ali^ 
mmous portions of the older rocks in beds of clay, another of 
a finer and more delicate kind has also been goi 
which silica, variously coloured and combined, has been de- 
posited in veins, cracks, and cavities of those rocks themselves, 
where, according to the age or other conditions of the rock, it 
forms, as quartz, the matrix of gold, copper, lead, zinc, or other 
metallic roincrals ; where, in other cracks, the silica has beca 
closely packed, the result is an opaque quartz without much 
sign of crjslaltisation. Where, on the other hand, there has 
been space for the process, it has become crystallised into the 
beautiful transparent forms in which it is found. 

Portions both of the massive quartz, and also of the crystals, 
are beautifully and variously coloured by the presence io 
different proportions of iron, copper, manganese, titanium, and 
other minerals, and these form the source of many of our pre- 
cious Stones, which, broken off their parent rock, have been 
rolled and polished as pebbles in the sea, or have been de- 
posited with less friction, and hence are found in a more perfect 
state in conglomerates and breccias near the sources whence 
they were derived. 

Much light was thrown upon the way in which crystals of 
silica and alumina are formed naturally by a series of inte- 
resting experiments made by M. Daubri-e, in the year 1857, 
resulting in the artificial formation of crystals of these minerals. 

M. Daubre'e had observed in the mineral springs of Plom- 
bi^es, the waters of which contain silicate of potash and soda, 
and have a temperature of 70" Centigrade, the formation of 
certain well-known silicates and other minerals usually found in 
the veins ofolder rocks. The masonry near the springs was often 
seen to be impregnated with hyalite (a son of transparent silica 
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identical with that found in ba&altic rocks), and sometiDai 
apophylite (silicate of potash and lime) appeared in nid 

The question then arose with M. Daubr^e, If hydraW 
silic-ales form slowly in mineral springs at a not very hid 
temperature, may not anhydrous silicates be more quickly p 
duced by the action of water at a high temperature ? 

To answer this question he began a series of experiment 
which answered it in the afhrmative. The exfieriments con-1 
sisled chiefly in submitting the different substances i 
presence of water to a heat of 400° Centigrade for a month t< 
gether, in a closed glass tube, protected by an iron case. 

As glass formed part of the apparatus, it naturally occi 
to him to determine first of all wliat result tliis treatment wotitij 
have on glass itself. He found that at the above temperatuij 
by the simple action of water, glass undergoes a comple^H 
decomposition. 

It first becomes opaque, earthy, and fragile, resembling 
kaolin, llien gradually and regularly swells and transforms itself 
into a host of minute crystals, which were found on examination 
to be woUastonite (silica 51, lime 48), and at the same time the 
alkalies of the glass were dissolved. Soon the silica was de- 
posited in the form of crystallised quartz. When alumina was 
present, the phenomena were modified. When obsidian was 
acted upon in like manner, minute crystals of felspar were 
formed, resembling in (he mass granular trachyte. Clay and 
kaolin, which had been previously purified by washing, on being 
submitted to similar treatment, resulted in felspar mixed with 
crystals of quartz. The presence of oxide of iron in the de- 
composition of the glass gave p)TOKene instead of woUastonite. 
This resembled the natural crystals found in the Tyrol and 
Piedmont. The crj'stals were beautifully crystallised, and 
possessed botli their green colour and transparency. 

As the result of these experiments, M. Daubri5e naturd 
concluded that most, if not all, the silicates found in the c 
crystalline rocks were formed by the influence of water at~'l 
high temperature, this temperature being, of course, mut 
lower than that of the point of fusion of such silicates. 
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Let us now notice those varieties and combinations of silica 
which from their shape, colour, lustre, and transparency have 
been valued as precious stones. 

Quartz. — I have already described the way in which this 
variety of silica occurs in veins, lodes, and reefs in the older 
rocks — massive, partly in a crystalline form, and crystallised 
Usually in six-sided prisms, capped by a pyramid as shown in 
fig. I. It also occurs in radiated and in granular forms. The 
clear white varieties are pure silica, but it is tinged yellow, 
rose, or of a smoky colour, and is, indeed, of all shades of 
colour through the presence of metallic oxides. It has been 
divided into the following three varieties, in which are included 
the precious stones to be described : — 

tl. VrTREOus Varieties, 
IL Chalcedonic Varieties. 
III. Jasphry Varieties. 
I. In the first, or Vitreous Varieties, we have — 
t. Jt(vk Crystal. — In shape and colour as described above. 
1 he crystals are usually rooted in a mass of quartz. It is pro- 
bably ihe mineral described by the ancients as Knislallas. ice, 
whence the won.!' crystal.' The crystals are found of small size 
; the mountains of Wales and Scotland, and, indeed, 
wer the older granitic, slaty, or felspathic rocks are 

The clearest and finest specimens are brought from the 
island of Madagascar, where they are frequently found in 
blocks ranging from 50 to 100 lbs. in weight. Fine specimens 
also come from Switzerland, and from Auvergne, in France. 
The rock crystals of this country were formerly known as 
British or Cornish diamonds. It was formerly sold at from ^s. 
to aoi. per lb. for the purpose of splitting and grinding into 
spectacle glasses, and it was also used for stones for lockets, 
seals, and rings. In the middle of the last century it was 
largely used for buckles and buttons, and many persons were 
employed in cutting and manufacturing it, 

In describing the apatite deposits of Norway, Chapter VII., 
I notice how closely quartz and titanium are associated and 
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interlaced with each other and with apatite, and some speci- 
mens of crystallised quartz are found enclosing slender needles 
and grains of titanium. These examples are known in France 
AsJUches d'amour (love's arrows), as well as crystals of chlorite. 
These specimens are much valued, and are worked up into 
many ornamental articles. 

I, Amethyst is quartz coloured violet and purplish blue, of 
different degrees of intensity, from the presence of the oxides of 
iron or manganese. It passes often in the same specimen 
through rose-coloured to pale red, and even colourless. It 
derives its name from a supposition that it possessed a charm 
against drunkenness. The amethyst occurs in veins in the 
older rocks, and it often forms the inner part of agates derived 
from the same sources. The most valuable are the ameihystB 
which come from Ceylon and India ; then those which are ■ 
found in Brazil. Inferior kinds come from Germany, Spain, , 
and Siberia. 

3, Rose quartt, pink, red, and inclining to violet blue in 
colour. Occurs in fractured masses, and is imperfectly trans- 
parent. The colour is most permanent in moisture. Occurs!' 
at Ben and Rabenstein, in Bavaria. 1 

4, Smoky quartz. — Quartz crystals tinted with a smokjrtj 
colour, becoming sometimes black and opaque. The Cairaij 
gorm stone from the mountains of Aberdeenshire seems to bo-, 
rebted to the two last varieties and the next to be described. , 

5, Yel/mt' or Citrott guartz or False Jii/rts, which is often set 1 
and sold for topaz, but from which it may be distinguished byj 
theabsence of cleavage in it. Occurs in light yellow translucent*! 
crystals. -: 

There are, besides these, other varieties, as Milky quarts, ' 
Aventurine quartz, in which the crystals or mass contain i 
numerous spangles of golden-yellow mica. The name is said 
to have arisen from the incident of a French experimenter 
dropping at a venture some copper in molten glass, which proi_i 
duced a similar appearance. Also Ferruginous quartz, 'va'\ 
which, from oxide of iron, the crystals are yellow, brownisU 
yellow, and red crystals. ■ 
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II. — In the Chalckdonic Varieties we have — 

I. Chakedony. — Ranges In colour from white through grey, 
green, and yellow, to brown. The bluish varieties are some- 
limes called sapphire. It is translucent or semi-lransparenl. 
It occurs in stalactite, reniform,orbotryoidal masses which have 
been formed in cavities in greenstones and others of the older 
roclcs. Into these cavities, as into miniature caverns, water 
holding silicious matter has penetrated and deposited its solid 
contents, consisting almost exclusively of silica tinged by the 
presence of other minerals. Some of these cavities are several 
feet in diameter, and besides the colouring of the encircling 
mass there is often, in the interior of the concretions in them, 
cavities or central nuclea which contain sometimes as many as 
twenty-four difTerent substances, as silver, iron pyrites, rutile, 
magnetite, tremolite, mica, tourmaline, topaz, with water, 
naphtha, and atmospheric air. The mineral occurs in some of 
the mines of Cornwall, in Scotland, Tyrol, Bohemia, and 
Hungary. Some of the crystals are of large size, one in a 
museum in Paris measuring 3 ft. diameter and weighs 3 cwt. 
Chalcedony was obtained in ancient times from the vicinity of 
Chalcedon, in Asia Minor, whence its name. It is now also 
obtained from Scotland, the Faroe Islands, Iceland, India, and 
Arabia. 

3. Agales. — In this variety the colours are arranged In con- 
centric undulatory and zigzag lines; in the latter case the 
sjiecimens are known as mural or /ortification agates ; also in 
wavy bands as folds of drapery, and in moss-like representa- 
tions, as in the mocha stone, from the presence of manganese. 
All these forms are sometimes seen in the same example if it is 
large enough, together with small kidney and pea shaped con- 
cretions, from the presence of oxide of iron. There is frequently 
also a commingling of the fme cloud-like masses of chalcedony 
with the forms of amethyst, jasper, and agate in the same 
specimens. Figs, z and 3 will give an idea of the great variety 
of ways in which these forms of quartz arrange themselves. 

3. I^int consists of silica, which in a very fine condition 
i. been separated from the surrounding rock, and which, 
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attracted to some organic or inorganic nucleus, and B 

only to itself, has grown in successive layers or bands, often of 




different colours. An illustration of the way in which I 
silicious particles become separated from the surrounding p 
1 in the manufacture of pottery. When t 




pounded or ground calcined flints are mixed with fine pip 
clay, and the mass is allowed to stand for a few days, tlie silU 
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separates ilself from the mass, and becomes aggregated into 
small nodules. In tike maoner have the layers of flints which 
occur so eictensively in the chalk formation been separated 
from the limestone paste, and taken their present form. The 
occurrence of layers o( flints at certain horizons of tlie chalk 
seems to indicate that silica was present in greater abundance 
during certain periods of the growth oi the chalk beds than 
during others. Possibly also temperature and pressure 
,y have had something to do with the matter. It has been 
teen that at a pressure of 60 lbs. in an alkaline solution and 
a high temperature, flint became perfectly soluble. 

Very fine examples of layers of flints in the chalk beds may 
be seen in the range of chalk quarries extending at intervals 
from the city of Norwich to a point beyond the village of 
Thoqie. In some of these quarries I have seen the ancient 
trade of gun-flint inanufacture carried on by men who looked 
as if they were survivors of the stone age themselves. Beau- 
tiful examples also of churches and houses built of these flints 
are to be seen in the city of Norwich, and indeed throughout 
the county of Norfolk generally, 

4. Hormtone, or Chert, is allied to flint, but it is more brittle, 
and it takes its colour — dirty-grey, red, and reddish yellow, 
green, or brown — from the rocks in which it is found, It 
occurs in portions of sandstone rocks usually containing a little 
lime, the fine silica being seenungly collected into one spot. 
Calcareous portions of the beds of the millstone grit, with por- 
tions of rocks of similar composition in the oolite and green- 
sand formations, show this structure. 

Other chalcedonic varietiesareO/yj.-, which consists of alter- 
nate horirontal layers, white, brown, or black in colour. Sard 
from the shores of the Red Sea, of a deep brown or blood red 
colour. Sard and while chalcedony combined form Sardonyx, 
a stone that was much used in ancient time for cameos, of 
which some beautii'ul specimens remain. Chrysoprase, apple- 
green in colour, from the presence of nickel. Camtlian, a 
clear, rich-tinted, briglit red chalcedony, and Cai's-eye, composed 
of 95 per cent, of silica with minute proportions of alumina, 
Ume, and oxide of iron, greenish grey, translucent, with a 
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shining, vitreous, or resinous lustre, and when cut sphericiH 
giving the glaring intemd reflections like the eye of a ( 
which come from the presence of asbestos. It is obtainj 
from Ceylon and the coast of Malabar. 

It would be an interesting study to inquire into the n 
of the operations which have resulted in the varied combioli 
tions and arrangements of colour and shape presented in 
chalcedonic and jaspery varieiy of quartz, but it is beyond tl 
scope of this work. I would refer the readers who feel i 
interest on the subject to a series of clear and beautiful papef 
wilh no less beautiful illustrations, by John Ruskio, Esq., F.GJi 
on brecciated and banded structures, which are contained] 
the fourth and fifth volumes of the GeoiogKol Magasii 

I may, however, say that from the foregoing and oth 
considerations, the colours and the grouping of them, and Afl 
materials, whether partaking more of the nature of simp^ 
transparent quartz or fine cloudy chalcedony, with the shape 
and positions occupied by each, would be affected by a numbj 
of circumstances, as the presence and proportion of meta' 
oxides, and the variations in [his proportion at different periot 
during the long growth of the accretions in the mas 
secretions in the ca\'ity or fissure, by temperature, i 
for the formation of crystals; and then, as in M. Daubr^ 
experiments, partially dissolving and rounding them, like t 
rounded apatite, pyroxene and other crystals in the I^urcniia 
rocks, then surrounding the perfect or partially dissolvi 
crystals with gelarinous matter. Then each mineral pres4 
would have its natural tendency to crystallise in its own wajl 
oxide of iron in reniform shape, manganese in dendritiC| 
moss-like forms, titanium in long thin prisms, quartz and alum 
in their prevalent forms, and all these perhaps pressing t 
and modifying each other. Then there would be times i 
ilfying and shrinkage, followed by an inflow or addition of pi 
matter. While, during the partial dissolution of the cryst 
the matter, becoming soft, would settle down in horuQbta)4 
other layers according to the foundation on which they rca 
or the nature of the force by which they wetc pressed. 
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Taspery Varieties, 

I. Jasper, 3 si]icious rock of a hardened clayey nature, of a 
dull red or yellow colour. It has indeed been described as 
ferruginous clay. From the above colours it ranges through a 
great diversity, and often two or more colours are combined in 
the same specimen in bands, dots, stripes, and flames. Like 
chalcedony it occurs in nests, cavities, and concentric nodules. 
Striped green and brown jaspers from Siberia are much used, 
but the most valuable is the Egyptian jasper, in which the 
bands or ribbons occur in excentric zones, which are usually 
cut across to be polished. Ruin jasper presents the appear- 
ance of 3 group of ruins. Porcelain jasper resembles baked 
clay ; it differs from ordinary jasper in that it is fusible before 
the blow-pipe. Red porphyry is like jasper in some respects, 
but differs from that variety in that it is fusible before the blow- 
pipe. Other varieties are Bloodstone or Jlelioirope, Lydian stone. 
Touchstone, and Basanite. 

a. Opal is a hardened paste or gelatine consisting of frum 
87 to 95 per cent of soluble silica with from 5 to 13 per cent. 
of water. Its hardness is less than quartz, 5*5 to Ci'5, and its 
specific gravity lighter, 2'2i. Its usual colour is milk-white or 
pearl grey, and when looked through towards the light it 
presents with a milky transparence rose red and yellowish 
white, with a rich variation of colours as its position is changed — 
emerald and other shades of green, fire red, bright blue, violet, 
purple, and pearl grey. Sometimes the colours are arranged 
in small spangles ; it is then called Harlequin opal; and when in 
broad plates or in wavy or flame-like delineations, the two 
favourite colours being rich orange yellow, when it is kno*n 
as golden opal, and vivid emerald green. The colours are the 
more valued because they are produced by the remarkable 
jjower the mineral possesses of refracting the sun's rays. Opal 
occurs in veins in porphyritic rucks and in rolled fragments in 
drifted matter. The largest example known is in the imperial 
cabinet at Vienna j this weighs 17 ounces, and belongs to the 
variety known as Precious or Noble opal. Other varieties of 

.1 are Fire opal, Girasol, Common opal, I/ydropliane, hyalUt, 
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n small glasn' concretions. Opal is found !□ ihe Faro^^l 
Islands, near Frefbirg, Saxony, Kaschan, Hungary, and in 
Honduras. The mineral was much valued by the ancients, 
who called it the " beautiful child of love," And the stor>- is 
told of a Roman senator who gave up his life rather than 
resign an opal ring of great beauty to the Emperor Nero, 

On the next page I give a table of analyses of various rocksT 
into the composition of which silica and alumina largely enter, 
but chiefly tlie former. The higher the percentage of silica, 
the greater, it has been proved, is the power of the stone to 
resist the action of the weather. Since the table has been in 
type 1 have been favoured with the following analysis of the 
New Red Sandstone worked in the extensive quarries at Grins- 
hill, near Shrewsbury : — 

Silica g5-46 

Alumina ,-17 

lion peroxide 0*87 

Lime, catboDate ■ , . . 0'6t 
Magnesia, caibonale .... '69 

Waler, combined .... -91 

Water at uz" F -77 

100-48 
The mean crushing strain of this stone is 5,165 lbs. to ti 
square inch. The amount of silica contained in several o 
sandstones used in building is as follows : — 

Craiglielli. . . 93'3 I P'="i> .... 95-64 L 

Datley Dale . . 96-40 Rawdon Hill . gi'Ssj I 

Cotsehill .... qS'24 I SpinlcwcUand Clifford . "" 

Before noticing the rock masses of which silica forms t 
chiefconslituent, let us describe in the next chapter the minei 
alumina, with which It is so generally associated, especially S 
the older rocks of the earth's crust, and then, after referring I 
ihe metallic base, alupiinium, and some of the forms 
combinations of alumina appear as precious stones, I will p 
ceed to notice some of the features and characteristics of ti 
rock masses composed chiefly of the two minerals, and rcco 
some particulars relative to the quarrying of the same. 
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CHAPTER 11. 



AluRiiniDin — Alumina — Bauxite — Valued Fotms of Alumina — Corundul 
—Sapphire— Ruby— Topaz— Brazilian Deposilsof Emerald— Anal; 
of Beryl — Emerald Mines of Grenada — Tourmaline — The Preciow 
Stones Deposits of Ceylon — Moie Massive Forms of Silica and Alumina 
— Otthoclase — Adulaiia — Felspar — Mica — Magnesia — Magnesium — 
Talc — Steatite — Chlorite— Serpentine— Pj-roiene—AsbEitos— Rock 
Masses — Granites and GneUs Rocks — Syeuitic and Dioritic Greenstones 
— Slaty Building Stones — Liverpool Corporation Quarry, Llanwddyn — 
Felspalhic Rocks of Norlli Wales — Lime and Limestones— Varieties 
of Costs of working Glucina, Zerconia, Tlioria— Chemical Composition 
of various Limestoofs. 



ALUMINA. 
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Alumina consists of aluminium and oxygen in the pn 
tion of two pirts of the former to three of the latter, 
ordinary use alumina is a white powder, shapeless, infusible, 
and scarcely soluble. In a crystalline form it is found in the 
most perfect state as corundum. In an impurer state and 
mixed with other substances it becomes opaque, as in the case 
of emery, a common form. It is a mineral very abundant in 
nature, forming, as will be seen in the following analysis, from 
one-fourth to one-third of the substance of many of the older 
rocks of the earth's crust. Its specific gravity is 3"9. It is 
largely used in the processes of dyeing and calico-printing. 
Alutnitiiufii, the metallic base of alumina, is a light, whitish- 
coloured metal of bright lustre, which, as far as it has been 
worked, has been found very useful in the manufacture of 
optical and mathematical instruments, and for the lighter kinds 
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oT omamenU] work. Its specific gravity is only z'6. The 
extraction of the meta! from its earthy suiioundings has beeu 
earned on during the greater part of the last twenty years at 
Newcastle- upon -Tyne, with but indifferent success, the process 
being costly and intricate. Recently, a Birmingham manufac- 
turer claims to have discovered a more simple and much 
cheaper process. Four parts of aluminium mixed with ninety 
parts of copper affords an alloy possessed of the greatest 
strength combined with malleability and ductility, and other 
alloys are being constantly adopted. 

The material chiefly used for its production hitherto has 
been bauxite, a ferruginous clay obtained from BauK. near 
Aries, in the south of France. Its general composition is as 
follows : — 



I 



SUio . 

Sesquioxide of iron 
Glide of lilanium 
Carbonate of lime 
Water . 



A Bimilar material, containing from 44 to 54 of alumina and 
from I to 15 per cenL of iron, has also been used at New- 
castle from the mines of the Irish Hill Company, Ireland. 

It will be readily inferred that aluminium is one of the most 
abundant metallic minerals in nature. 

To simplify its extraction from the clays and rocks in which 
it is contained is one of the greatest metallurgical problems of 
the present time. As this is solved many of the days de- 
scribed in another chapter will become more valuable, and the 
metal more largely used. 

Let us now notice some of the forms and combinations of alu- 
mina which on account of their beauty have been greatly valued. 

Corundum is, as already observed, pure alumina in a crystal- 
line condition. The forms are somewhat varied, but it occurs 
chiefly in six-sided prisms, as shown in fig. 4. It also occurs 
in a granular form. Its usual colours are blue and greyish blue, 
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but it is also found red, yellow, and brown of various shades. 
Translucent to transparent. The specific gravity is from 3-9 to 
_ 4'i6, andin hardness it ranks next to the diamond, 

scratching quartz easily. Except with borax it is 
infusible before the blow-pipe. Comminuted 
corundum occurs abundantly near Canton, and is 
much used in that city in the polishing of precious 
Fio. 4.— Cob- stones. Among the varieties of corundum are — 
OTCoi'uBDiru' '• ■5'iT//^"''- — The general composition of 
which is alumina 92, silica 5'25, oxide of iron fo. 
The colour most valued is a highly transparent bright Prussian 
blue. More frequently the colour is a pale blue, passing by paler 
shades into perfectly colourless varieties. The paler varieties 
arc frequently marked by dark blue spots and streaks, which 
detract from their value. But these paler varieties lose their 
colour when subjected to great heat, a fact that has sometimes 
been taken advantage of by unscrupulous dealers to pass them 
off as diamonds. 

The principal form of the sapphire is an acute rhomboid,' 
but it has many modifications and varieties. On being broken 
it shows a conchoidal fracture, seldom a lamellar appearance. 
The best sapphires were formerly found chiefly in Ava and 
Pegu ; the paler varieties in the sands of rivers in Ceylon, 
inferior kinds being obtained from near Forez, in France. 
More recently the sapphire has been found in many localities in 
the United States of America. It belongs to the older gneissic 
and talcose rocks and granular limestones, and with fragments 
of these it is found in driftal deposits. 

The sapphire is a gem prized next lo the diamond. The 
largest known weighs about two ounces. There was also aline 
rhomboidal crystal among the crown jewels of France, which 
weighed over an ounce. 

2. Ruby. — The ruby is subdivided into several varieties 
according to colour, which in its turn is affected by mineral 
composition, spiml ruby occurring in bright red or scarlet 
crystals, rubiulU of an orange ted colour, balas ruby rose 
led, adamaiidine ruby violet, chkrospind green, and pUonastt jj 
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« name given CO dark varieties. The three next analyses show 
the difference iu the composition of three spinel rubies. 



Magnesia . 

Oxide of i 
Chcomic acid 

97'43 
H* The first of these is most nearly allied to corundum. Iti 
nardness is slightly less than that of the sapphire, and it is 
infusible before the blow-pipe, except with botax, and then it is 

fused with difRculty. Its specific gravity is about 2'9- 

The crystals are usually small, and when not defaced by 
friction they have a brilliant lustre, as has also the lamellar 
structure, with natural joints, which it shows on being broken. 
It exhibits various degrees of transparency. The colour most 
valued is the intense blood red or carmine colour of the spinel 
ruby. When the colour is a lilac blue, the specimen was 
formerly known as the Oriental amethyst, and was regarded 
as a connecting link between the ruby and the sajiphire. 
Rubies are found in Pegu, in the sand of rivers near the town 
of Siriam. It is also found with the sapphire in the river 
deposits of Ceylon, and in various localities in the United 
Slates of America, in some of which the crystals have partly 
decomposed, and show a soft structure resembling steatite. 
In America it occurs in gneissic and metamorphic rocks, and 
in granular limestones. 

3. Tff/ai derives its name from topaso, to seek, the mineral 
first known by this name being obtained from an island in the 
Red Sea which was usually surrounded by log. 

Two examples of the mineral now known by this name, 
gave on analysis the following results : — 

1 ■ ■ ■ s:s 
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It varies in size from two carats to three or four ounces. 
The specific gravity is 3"53. 

By itself it is infusible before the blow-pipe. It possesses 
a brilliant transverse cleavage. It has a lustre greater than 
ikat of rock crystal. Fine topazes of a greenish yellow colour 
to perfectly white come from Siberia, Kamtchatka, and Australia. 
Pale greenish ones are found in the Highlands of Scotland, 
and small colourless examples come from St. Michael's Mount, 
Cornwall. 

Topazes are fottml in large numbers in the neighbourhood 
of Villa Rica, in Brazil. They occ«r in small veins partially 
filled with talcose matter, and associated with quartz and 
specular iron ore. They are also found by thousands in the 
debris derived from the wearing down of granitic and gneissic 
rock*, perfect specimens being, however, rare. The searching 
for iheni and the preparation of them for sale is a consider- 
able industry, and gives employment to a large number of 
persons. 

The Brazihan topazes are of three kinds : blue, also called 
Brazilian sapphire ; the yellow, of various shades of yellow ; 
the deeper the colour, so that the stone retains its transparency, 
the mote valuable it is. This on exposure becomes pink and 
red in colour, when it is known as the Brazilian ruby. These, 
with the white topaz, are found in a rolled, and more rarely a 
crystallised form, in the conglomerate described in the chapter 
on the diamond. 

The topaz has sometimes been mistaken for the diamond. 
Apart from the suspicion that some supposed diamonds in 
royal collections are topazes, a noiable instance of a mistake 
of this kind occuned in the year 1856. A topaz supposed to 
be a diamond was brought from Brazil, weighing about 189 
carats, or about twenty-five Dzs., and caused great excitement 
in Europe. It was estimated to be worth several million francs. 
At last a consultation of authorities was held in Vienna, the 
result of which was the statement — ' The pretended diamond 
turns out to be a topaz, having the specific gravity and the 
hardness of an ordinary topaz, and is worth asacuriosity about 




35° francs." Common topa* is found abundantly in the vicinity 
of Falun, Sweden. 

4. Emirald. Beryl. — The emerald is of a beautiful rich 
green colour, passing also into blue and yellow. It crystallises 
in six-sided prisms. It has a vitreous or resinous lustre, and 
varies from translucent to transparent. The following are the 
result of some analyses of the emerald and its v 
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The specific gravity is about a"?, its hardness greater than 
It of quartz. Before the blowpipe it is fusible into a grey 
id rather frothy glass. 
The emerald was formerly obtained from Ethiopia, and was 
priieii in ancient times. Necldates of emeralds have been 
found in the ruins of Herculaneum. The chief source during 
the last three hundred years has been Peru, in the vice-royalty 
of Santa \€ ; and in the valley of Tunca, between the 
mountains of New Grenada and Fompaya, they are found in 
veins traversing clay slate, and in cavities in certain granites. 
TTiey are accompanied by quartz, calcareous spar, felspar, mica, 
and pyrites. The largest emeralds known are from Peru. They 
about six inches long by two inches thick, but the largest 
■e seldom the purest. 
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A productive emerald mine is, or was, that of Muso, in New 
Grenada, Mexico. The emeralds occur in veins and cavities 
in a black limestone that contains fossil ammonites. The 
limestone also contains within itself minute emeralds, and an 
appreciable quantity of glucina. When first obtained the 
emeralds from this mine are soft and fragile ; the largest and 
fiiiesi emeralds could be reduced to powder by squeezing and 
rubbing them with the hand. After exposure to the air for a 
little time they become hard and tit for the jewellers' use. In 
Beryl, or Aquamarine, the colour is a pale sea-green, passing on 
one side to light sky blue and greenish blue, and on the other 
into greenish yellow, Someiimes the same crystal presents 
two or more colours, and sometimes it is iridescent. 

5. Tourmaline is composed of from 40 to 43 per cent, of 
silica, and about the same quantity of alumina, about 10 per cent, 
of soda, with up to 8 or 9 percent, of manganese. It crystallises 
in prisms, with three, six, nine, or twelve sides. It is green in 
colour, ranging to blue, red, yellow, and brown. It is harder 
than quartz, and its specific gravity is from 3-0 to 3'3. It fuses 
before the blow-pipe into a spongy greyish white enamel. It 
is found in Siberia, Ava, and Ceylon, also in Brazil, where the 
stone is much worn in rings by the ecclesiastical dignitaries. 

In the foregoing descriptions of precious stones, reference 
has been freqiiently made to Ceylon as one important source 
whence many of them have been derived. 

The gems occur in an ancient gravel deposit, known as 
Nelian, which is fretjuently from ten to twenty feet below the 
surface. It consists of fragments and pebbles of granite, gneiss, 
and other of the older rocks imbedded in clay. It is covered 
by a hard crust a few inches in thickness, called Kadua, and 
which in places protects the underlying NcUan from the action 
of the streams. This is overlaid by recent gravel. In the 
Nellan there arc large lumps of granite and gneiss in the 
hollows, as well as in pockets in the clay, which are known 
by the natives as elephants' footsteps. In and about these the 
precious stones occur in groups, where they are found by the _ 
miner. 
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The geoi collector digs down to this stratum ; he takes the 
clayey gravel out and places it by the side of his digging until 
he has accumulated three or four cubic yards. He then carries 
it in shallow basin-like baskets from two to ihtec feet in 
diameter to a neighbouring stream, where he washes it until all 
the clay has disappeared, leaving only the sand containing 
gems behind. The gems are then carefully picked out, the 
washer removing with the palm of his hand one thin layer after 
another until the whole of the sand has been etTectually 
searched. 

The industry is not encouraged by the Government; inas- 
much as it attracts a numerous loose population from agricul- 
tural pursuits and the more steady industries of the country. 
It is after all a poor trade, although now and then a lucky 
find is made. The chief town of the gem district is Ralna- 
poora, where most of the stones are polished. 

The materials of the Nellan or gem drift, seem to have been 
derived from the wearing down of the large grained silicious 
granitic rocks that abound in parts of Ceylon as well as in Pegu, 
and along the coasts of China and Japan northwards. Results 
of this decomposition of these granitic rocks may be seen along 
the coasts of Japan in the loose sand that covers and gradually 
passes into the solid parts of the rock. 

Other varieties of the combinations of silica and alumina 
with other substances as precious stones will be found in the 
concluding chapter, and we may now proceed to notice those 
combinations of the two minerals with others that contribute 
largely to the formation of the rock masses which, valuable in 
themselves as building and other stones, form also the deposi- 
tories of [he minerals, metallic and otherwise, described in this 
book and its companion volume. 

Feispar. — Orihodasi is composed of silica 64"ao, alumina 
i8'40, and potash i6'95. 1' crystallises in oblique rhombic 
prisms. Its common colours are white, grey, and pale red; 
but it also passes into greenish and bluish white. It has a 
vitreous and occasionally pearly lustre. Its hardness is 6, and 
\ may be scratched with a good penknife. Specific gravity 
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2-39 to 2*62. It is not affected by acids, and it fuzes witli| 
borax into a transparent glass. 

Une of the finest varieties of felspar is that known 1 
Adularia, from Mount Adula, near the Si. Gothard Pass, where"! 
it is found redeposited from the roclc mass in veins and 
cavities. ]t consists of silica 64, alumina 20, hme 2, and 
potash 14. Aloonslone is another variety with bhiish white 
spots of a pearly lustre, Sutisloiie\s another, with a pale yellow 
colour, with minute scales of mica. Avmturiiu felspar, sprinkled 
with iridescent spots from the presence of minute particles of 
titanium or iron. 

Mica. — Chemical composition : silica 46';, alumina 36-8 
potash 9-2, peroxide of iron 4-s, fluoric acid 07, 
I 'S. In colour ranging from white to green, yellow, browDii] 
and black. Pearly lustre, tough and elastic ; occurs in lliui 
))lates or scales, and sometimes in radiated groups of the sameJ 
H. 2- to 1*5; gr, a'8 to 3-. Mica differs from talc in i 
having the greasy feel of the latter, and in its thinner and D 
elastic plates; some of these occur of considerable si^e. 
have been used in Siberia for glass j hence the name Muscti 
Glass. Flaies two or three feet diameter, and quite transpareaifl 
are found in New Hampshire. 

We must now arid to our list another of the earthy minera 
which, to a considerable extent, enters into the compositioi 
ol the rock masses of the earth. 

AfAGA\ESlA. 

Magnesia is a compound of magnesium and oxygen, in ti 
proportion of 158 parts of the former to 100 parts of the latU 
It is the only oxide of magnesium. 

Magnesium, — This simple element is the metallic base of 
magnesia. It has in the metallic state the colour and lustre of 
silver; it is malleable, and fuses at a red heat, a little above 
which point it bums with great brilliancy, oxidizes, and fom 
magnesia. It also oxidizes on exposure to a moist atmosphei 
but it is not affected in dry air. 

Magnesia is a soft white powder, which is highly infusible 




TALC. CHLORITE. SERPENTINE. 

it combines with water, but not so readily as lime. The 
artificial preparations of magnesia by precipitation from its 
soluble salts have the silkiness, lustre, and soilness which 
are observed in asbestos, soapstone, and Other magnesian 
minerals. 

Among the minerals helping to form rock masses into 
which magnesia enters are the following : — 

Talc, — Composition ; silica 6i-8, magnesia 3i"4, protoxide 
of iron i 6, alumina I'o, water z'z. In some examples 
the water amounts to 4 per cent. H. = i ; gr. = 25 'o *9' 
Occurs usually in foliated masses made up of thin easily sepa- 
rable plates. It also passes into a crystalline, granular, and 
a fine impalpable texture. It has 3 pearly lustre, and, with 
most other minerals into which magnesia enters, it has an 
unctuous feel; colours — silvery while, greenish white, grey, 
green, and olive green. Some forty years ago it was much 
used in the manufacture of lamps and lanterns, more so than 
at the present time. It includes Foliated Talc, Soapstone, or 
Steatite, a massive variety of talc of a grey or greenish colour, 
and internally a crystalline texture; feels to the touch hkesoap. 
The composition of steatite is silica (i2'2, magnesia 30-5, 
protoxide of iron 2*5, It is flexible, but not elastic like mica. 
Potstone, an impure talc, is another variety. 

Steatite occurs abundantly in America. In small quantities 
it may be found in many rocks. From the facility with which 
it can be cut, drilled, and worked generally, and the polish it 
will take, it has been used fur various internal portions of archi- 
tecture. It is also used in the manufacture of porcelain, as a 
lubricant for machinery, and in the linal polishing of the harder 
stones. 

Chlorite. — Chemical composition; magnesia 34'o, silica 30-4, 
alumina 17, protoxide of iron 4-4, water 12-6. H. = I's, 
gr. a'S5. Occurs in masses of a dark olive green colour, and 
crystallises into hexagonal prisms. Occurs in thin plates and 
radiated forms like talc, pearly lustre, opaque to partly trans- 
lucent. It is distinguishable from serpentine by a granular 
texture, and from talc by its yielding water in a glass tube, and 
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from green iron earth by lis extreme in fusibility. Chlor 
enters largely into the composition of schistose and slaty rot 

S/Tpenline occurs in dark oil or oHve green masses, also \ 
a fibrous and lamellar form. These consist of thin plates 
folia of a greenish white to dark green colour. H. : 
gr. 2"5 to a"6. An analysis of a rock variety is g 
table, page 15, and the following is the composition of % 
purer variety from Cornwall, known as Preciout serpentii 
magnesia 44*1, silica 43'3, protoxide of iron c 
acid o'9, water 13*4; capable of a high polish, and formal 
beautiful stone. Becomes brownish red before the blow-jri|^ 
and gives off water. Another variety, named Marmelite, %, 
brittle, but consists in easily separable thin folds. Its c 
position is : magnesia 41*4, silica 40*1, protoxide of Iron 3*4 
water 15-7. Serpentine of various kinds ia worked i 
wall and in America as ornamental stones, but it does not b 
exposure to the weather. 

Pyroxene occurs in various shades of green, passing towar 
white on one side, and brown and black on the other, yelil 
excluded. It has a vitreous lustre, inclining to resinous < 
pearly. In the massive varieties there is a coarse granular aOJ 
sometimes fibrous structure, the fibres long and thin ; crystH 
lises in oblique rhombic prisms. The composition, as to t' 
minor constituents, is somewhat varied, but the crystallilR 
forms remain unchanged. H, = S'6 ; brittle ; gr. = 3-2, yi 

Pyroxene has been divided into three groups or divis" 
the white or light coloured, the dark coloured, and the t 
foliated. 

I. White Au^te or Maiacolile includes several lei 
varieties. Us general composition is: silica 55'3, lime 37*d 
magnesia 17-0, protoxide of iron I'a, protoxide of 
ganese i'6. 

II. AugiU also includes several dark green varieties, ; 
which there is a larger propottion of iron and manganese tU 
in the first. The composition of- one variety is given t 
silica 541, hroe i$'$, magnesia iJ'5, protoxide of ti 
protoxide of manganese o'6. 




HORNBLENDE, 

III. The third class includes Dialltsge, Bronxile, and 
Hypersfltene, all of which are characterized by being thin 
foliated. The composition of hypetslhenc is given as: silica 
54-15, lime i'5, magnesia 140, protoxiJe of iron 14'S, 
protoxide of manganese a trace, alumina 2-15, water I'o. 

Hornblende. — Occurs in oblique rhombic prisms, long 
slender prisms, in columnar forms, and in fibrous masses of 
coarse and fine fibres, silken and like flax. In colour it ranges 
from white through bluish green, greyish green, green, and 
brownish green shades to black ; a vitreous lustre, the faces of 
the plates or cleavage lines inclined from pearly opaque to trans- 
parent. H. ^ 5 to 6 ; gr., 2-9 to y\. Hornblende is divideil 
into first, the light -co loured varieties, and second, into the dark- 
coloured varieties. The former include Actinoiite ^vtA Asbcstas, 
with the sub-varieiies belonging to each. These varieties are 
distinguished by not containing much alumina or iron. The 
composition of glassy actinolile is as follows: silica S9'75, 
magnesia ii'i, lime i4'js, protoxide of iron 3*9, protoxide 
of manganese o'3, hydrofluoric acid o'8. 

The dark varieties include Hornhltndt, the composition of 
which is: silica 4S'8, magnesia I3'6, lime lo'j, alumina 7'5, 
protoxide of iron i8'75, protoxide of manganese 1*15, hydro- 
fluoric acid and water o'9. 

Another variety is Pargasile, from Pargas, in Finland. This 
occurs in short thick cryslals, and is cumposed as follows : 
silica 46'3, magnesia ig-o, lime i4'o, protoxide of iron 3-5, 
protoxide of manganese 0*4, hydrofluoric acid and water 3'a. 

Asbtiti'i. — Before leaving hornblende it may be well, on 
account of its rising commercial importance, to say a few words 
concerning this mineral. It was known to the ancients, who 
made of it the wicks for the lamps in their temples. These 
wicks served to feed the flame with oil up their fine fibres, but 
remained unconsumed ; hence the name asbestos — uncon- 
sumcd. The natives of Greenland now use it for the same 
purpose. Because it was easily cleaned the ancients gave it the 
name Amiantus — undefiled. It is now woven into cloth for 
packing the joints of steam-engines and machinery. It helps 
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to form an excellent non-conducting cover for boilers. 
woven into fireproof garments, and for many other purpose 
It occurs in large masses in felspathic and chloritic rocks. ll 
have seen it in a coarse form associated with the greenish I 
apatite -bearing rocks of South Notwaj". Ii is largely obtained 
at present from Italy for English manufacturers. It occurs in 
various forms — in slender Hax-like libres, and with a rich satin 
lustre, in seams in the rocks ; in a. hard and compact form ot^ 
yellow and brownish colours, Ligniform Asbestos ; in thin, tougfi 
sheets, like leather, Mountain Leatiter, which consists of thiij 
beds or layers of matted fibres of asbestos ; and in thicket 
masses of the same. Mountain Cork. 

We may now proceed to notice some of the rock masses, 
into the composition of which the minerals already described^ 
enter, as shown in the analyses given on p. 15. 

Granilis. — The particular composition of granites is given i'b 
the table. It is generally described as consisting of quartz, felspar, 
and mica, the first being pure silica, and the other two consti- 
tuted as already described. There are, however, many y 
lions, according as one or olhe; of the minerals predominate, 
or the precise form in which it is present. Thus, felspar may 
be present as orthoclase, oligoclasc, or albite, or two of these majp 
be present. There may also be two kinds of mica present, and 
occasionally mica is replaced by hornblende. The crystals of 
felspar may be large and distinct, and the tock thus assume ■ 
porphyritic structure. These variations affect the colour, 
abundance of flesh or pink-coloured felspar gives a reddisb 
tint, like that of the granite of Peterhead. White felspar, orf 
preponderance of quartz, gives, with mica, a grey speckled ston^ 
while hornblende imparts a greenish cast. 

When the grains or particles are arranged in layers, tlu 
stone is called Foliated Granite. When this bedding become^ 
very distinct and the particles are tine, granite becomes gneiss, 
like those ol Donegal and Galway, and the masses resting upon 
the older coarser granites of Norway and Sweden. Occasion- 
ally the particles of felspar are arranged in the quartz, or the 
quartz in the felspar, like the letters in Oriental writing, i 
then it is known as Graphic Granite. The names Qm 
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"Granife, Felipathk Granite, and Micaceous Granilt are given as 
one or other of the minerals predominate in the composition. 

Granite was long considered to be of igneous origin, but 
ihe arrangement of the particles in layers, the presence of 
water in the quartz, with other considerations, have tended to 
modify this opinion. It would seem to be a sedimentary rock 
altered, and we may have granite in various stages of its his- 
iry — in its original sedimentary form ; when altered by heal; 
fhen protmded or injected from altered masses dc-ep down 

the earth through other rocks; or with the arrangement 
or its particles altered by pressure, similar to that which has 
produced the phenomena of slaty cleavage. 

Generally speaking, granitic and gneissic rocks lie near the 
base, as far as this is known, of the geologic series. We see 
this in the position occupied by these rocks on the western 
coast of Great Britain, from St. David's up to Scotland, 
in the position of similar rocks in Ireland, in the position 
of ihe main bosses of granite in Devon and Cornwall, in the 
arrangement of the rocks all over the peninsula of Norway and 
Sweden, and in the place occupied by them in most of the 
great mountain chains of the world. 

There are excejnions. The granites of the Alps and of the 
eastern Pyrenees are believed to be newer than the chalk. 
May it not be that these more recent granites, like some 
probably in Cornwall, are projected or intrusive granites, 
jKirlions of the old vast underlying expanse of the ancient 
granites thrown up through and over the newer strata i* 

Granitic and gneissic rocks are not usually difhcult to work. 
The component parts are hard, but the grain is open, and as a 
rule not more, if so much, is paid for boring or drilling and (or 
driving tunnels or sinking shafts in them than is paid for the 
same work in the slaty rocks of Wales. 

In Norway and Sweden the price paid for boring ij holes 
is J<i per inch, or <jd. per foot. For driving a tunnel 7 ft. by 
6 ft,, 7/. loj. per fathom; for sinking shaft ii ft. by 8 ft., 9/. to 
iz/. per fathom ; for open cuttings about la ft, wide, 35^. per 
cubic fathom. These were all in gneissic rock. The rate of 
wages being lower in these countries than in England, similar 
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work would cost more here. Some of the close-grained granil 
in Scotland a.re difficult to drill, a.nd it is found advisable to bring 
large masses of rock down at once by sinking a shaft or driving 
a tunnel, and putting a large quantity of explosive in them. 

Syenilic and dioritic greenstones, which lie at the base of 
the Arenig or Lower Llandeilo strata, are largely quarried in 
North Wales for paving setts, curbstones, road-metal, and to 
some extent for building stones. Extensive quarries in these 
rocks are worked on Penmaenmawr, and near Porimadoc in 
Carnarvonshire; while down the north coast of the promon- 
lary of Lleyn, in the same county, rocks more nearly approach- 
ing a syenitic granite are largely quarried for the same purpose. 

The costs of quarrying and forming a ton of paving setts, 
at one of these quarries when in full work, may be taken 
follows 1— P.r.«-> 
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Basalt, consisting of augite, olivine, and felspar, is lat^ely 
quarried for setts and road materials on the Clee Hills, Shrop- 
shire. 

For particulars as to the position, varieties, and costs of 
quarrying the slate rocks of Wales, I will refer the reader to my 
work on that subject.' In a very few places portions of 
these are quarried for building stones, the most notable example 
at the present time being the extensive quarry recently opened 
out by myself and son in connection with the works of the Liver- 
pool Corporation Water Supply, near Llanwddyn, Montgomery- 
shire. Here the beds are about three feet thick. The stone is too 
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silicious for the cleavage lo be perfect, although the lines are 
seen ver^^ distinctly. The rock crystallises in large masses id a 
rhomboidal form, the strike being N.E. lo S.W., and the cracks 
or joints of shrinkage tunning to the east. The stone also cuts 
well along the line of its strike, answering to the pillari ot pleri 
of the slale beds. In some of the beds where there is a little 
lime there is a tendency in the large blocks to break in five 
and six-sided columns. It is thus interesting to trace the same 
tendency to crystallise in particular forms, from the liny crystal 
lining the side of a cavity, to the arrangement of rock masses 
on a large scale. This rock is exceedingly tough and hard, 
and capable of resisting great pressure. The general composi- 
tion of the rock is silica 60. alumina 30, potash, soda, lime, 
and iron lo'o. A tunnel for the outlet of the water is now 
being driven through these beds at S/. $s. yer yard, the length 
being about two miles; the cost of hand-boring is about 10^. 
per foot. Inlerstraiified with these beds, there are all through 
North Wales beds of felspathic rock, very dense and compact. 
The cost of working in these is more than double thai of 
ordinary slale rocks. 

Of the same age probably as these felspathic and porphyritic 
bands or beds that over so largean area are inters [ratified with 
the Lower Silurian of North Wales, are some of the porphyries 
and serpentines of Cornwall, which furnish very beautiful build- 
ing stones for in-door work. 

Higher up in the geological series are the sandstones of the 
Coal-measures and of the New Red Sandstone, composed chiefly 
of silica, and being granular, and when first quarried somewhat 
soft and loose in texture, they are quatried with ease, the 
[Stones being often got out of ihe rock with wedges, and after- 
Is reduced to the desired size by the same method. 
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CalHvm. —The metallic base of lime is the simple element 
caldum, which was made out, and its relative position to other 
metals assigned, by Sir Humphrey Davy. The name is derived 
from that given to lime (kalk) in several languages. Limestone 
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consists of carbonate of time, allied more or less with silicions 
aluminous, and other matters. Pure carbonate of lime is seen 
in cracks and cavities in limestone masses, and in many 
stalactites and stalagmites occurring in large caverns in the 
same. It is composed of lime 56*0, and carbonic acid 440, 
the latter being made up of carbon 27 '65, and oxygen 72'3S. 
It occurs in masses chiefly white and light coloured, but rang- 
ing in some instances to black. It cry-tillises into various 
forms, of which two examples ate 
given in figs, 5 and 6. 

The crystals are of various 
colours, white, grey, yellow, and 
red, according as they contain 
metallic oxides or other matters. 
H. = 3;S'- i'S to 2'8. 

Among the varieties of car- 
bonate of lime are the follow- 
""* ' ■'"KA^Vr'Si'^. "' ""' ing: — 

1. Argmlim, containing a 
little silica, with wavy lamina;, and of a white shining appear- 
ance. 

a. Calcareous Tufa, a porus or cellular kind, formed in the 
hollows and in the vicinity of hmestone strata, from water 
flowing overihe latter, and becoming charged with carbonate 
of lime. Rock-milk is the name for it before it becomes 
consolidated. 

3. Chatk, forming large masses of strata, soft, and rather 
earthy, 

4. Iceland Spar, from Iceland, and famed for its double 
refracting property. In transparent crystals. 

5. Slalaclile, Slalagmile. Deposits like tufa formed im 
caverns and showing frequently rings or layers coloured 1^ 
other mineral matter. 

There are also the rock masses of limestone, that occur in 
almost every geological formation, from the oldest to the 
youngest. 

Crystalline limestones occur in the Laurentian rocks 
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tTanada, as shewn in fig. ii, Cliajiter VII., and form llie depo- 
sitories of apatite. 

There are the bands of limestone, Llandeilo and B.il.i. 
which occur in Great Britain, in the Lower or CarabTo-Siluriaii 
rata, and in other counties in strata of similar age. 

In die Upper Silurian there are the Wenlock and Duillty 
lestones, famous for the beautiful forms of sea organisms 
they contain. 

In the Middle Devonian there are limestones which are 
seen in this country, but which are developed to a greater 
extent on both sides of the Rhine, in Germany. 

This brings us up to the great mass of the Carboniferous 
Limestone, so well developed in Great Britain. 

A belt of varying thickness skirts the north side of the 
South Wales coal-fitld. A similar belt bounds the west side 
oi ihe Noith Wales coal-field, on the borders of England and 
Wales. This dips under the great red sandstone plain of 
Cheshire, and reajjpears in the Derbyshire hills, whence it 
may be followed northwards through die counties of York. 
i}urham and Northumberland, forming the great backbone of 

country, and the depository ol lead and zinc ores. Sirnriar 
or bells encircle the Scottish coal-fields. 

Fine marble and building stones are obtained from this 
grouji in Anglesea, while those of Derbyshire, with their 
abundant fossil remains, are well knonn. The same is true of 
the carboniferous limestone in other countries. 

It is also very extensively quarried for agricultural use, 
being burnt in kilns and spread upon the land, where it helps 
10 dissolve other minerals, ami enables the plant to assiinibte 
Ihem. The light coloured and purer be Is are also largely 
quarried for fluxing stone used in the smelting of iron, and 
also in the manufacture of glass. 

The following particulars relative to the ([uarrying and 
burning of hme may be interesting and useful. They relate 
to the North Wales Hme region. 

Price paid lo men for getting stone, and loading it in 
from 7rf. to 8ia. per ton, the men fniding ih^rir own 
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jjowder, but drills and tools found, sharpened, and repaired hy ' 
the owners. This is after the rock is stripped of its loose 
covering. 

The contractors for the getting of the stone somelimes 
sublet the drilUng to men whom they pay at the rate o\ 2s. 6ii. 
to ^j. 6(/. per loo inches. No charging, lamping, or firing, is 
includetJ in this price, and the men are found with tools. It 
will thus be seen that drilling in limestone is easier than 
drilling in granitic, gneissic, or dense slaty rocks. The men 
earn from 3^, to 41'. per day. 

I ton 15 cwt. of limestone makes one ton of lime, the rest, 
carbonic acid, sulphur, &c., being driven off in the process of 
burning. 

I ton of South Wales coat, from the district of Swansea and 
Nealb, a quality between the anthracilic coal of the west and ihe 
bituminous coal of the east of that coal-field, will burn four to 
five tons of limestone, but the fiee-burning coals of North 
Wales and Lancashire will only burn from two and a half t 
ihiW; tons. 

These prices do not apply to limestone quarried for built 
ing purposes, when more attention has to be paid to both i ~ 
and shape. 

Rising higher in the geological scale, we have the 1 
nesian limestones of Nottingham, York, and Duiham, whwl 
form hard and durable building stones. 

In the Lias we have in England extensive quarries in in 
layers of limestone in central England, in the district between 
Birmingham and Oxford and Birmingham and Bletchley, as 
well as near Barrow-on-Soar, in I^icestershire. These lime- 
stones are valuable for their cement-making properties. 

In ihe Oolites we have the Portland limestone and I 
calcareous sandstone, near the base of the series known 1 
Bath stone, so valued in the west of England for architeciui 
purposes i the Kenton and Ancasler stone, also from the f 
Oolile, used in ecclesiastical structures in the cast of Englai 
Of this age is the fine building stone of Caen, a calcareous h 
stone, and which is also found over large areas of France. 



GLUCINUM. GLUCINA. 



35 



Liomi 



Of a similar age are the beautiful marbles of Carrara, in 
Italy. The stone has an extensive rani^e in the Apennines, but 
the best quarries are ilwse of the valleys in the neighbourhood 
of Carrara. 

The best kinds ate pure white and crystalline, but the 
general colour is a light blue or white, with bluish veins. 
The stones are quarried up to a large size, ten to fourteen 
feet in length, but large quantities are wasted owing to the 
want of mechanical appliances in the quarries, the stone being 
allowed to fall and tumble a long distance down a rugged rock 
face on heaps of debris. The quarries are supposed to have 
been worked since the first century of the Chrislian era.' 

There are a few hard bands near the top of the chalk which 
have been utilized for building, but the mass of this formation 
is too soft for architectural use. Portions of the beds have, 
however, an agricultural value as fertilizers, and there are otiier 
uses to which the chalk beds have been applied. 

The limestones higher in the series of strata are, as we 
shall see, the sources whence other valuable products are 
obtained, if they are not of so compact and durable a nature as 

le of the older limestones for building purposes. 



CLUCINA. 

Glucina is composed of two parts of glucinura, with three 
parts of oxygen. The metal glucinum is obtained with difficulty 
from its chloride. The process is much the same as that of 
aluminium. The name comes from yXvcos, sweet, on account 
of the sweet taste of its oxide, glucina. 

The metal is not oxidizable by air or water at the usual 
temperature, but it takes fire in oxygen at a red heat, and 
burns with a vivid light. 

Glucina is of rather rare occurrence, but, as we have seen, 
it enters to the extent of 15 per cent, into the composition of 

' For a full itcscHpIion of the mikTble and olher tjoarries of Great 
Biitaia and loreitii couniries, ihe reader ia reii-iteJ lo A Trtatise oh tht 

Jiiaidmg and Ornaminta! Slanft af Urtat lit.lt.ir. and i-irr'i;n ( ii/ivi'i, 

"» EdwHiil Hull. M.A.., l-'.K.S. ia;i. 
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the emerald, and common emeralds are found in thick crystals 
several feet in lenglli in felspar quarries, in the parishes of 
Kisko, Roslagen, and Tammela, in Finland, from which the 
earth ami its metal may be oblained. The minerals containing 
this earth have a specific gravity of a'j to 3'7S, and with one 
exception— leucophane — they are harder than quartz, and are 
scarcely fusible before the blow-pipe. 



ZIRCOSUA. 

Seems to be composed of about two parts of zirconium to 
three of oxygen. When obtained from its earth, zirconium 
appears as a powder, which may be compressed into scales 
resembling graphite, and burnished assumes the lustre of 



Zirconia occurs in four and eight sided prisms, and also in 
a granular slate. Its colour ranges from white to grey, yellow, 
red, brownish red and brown. H. 7-5 and gr. 4-0 to 4-8 ; opaque 
lo transparent. Common zircon occurs near Brevik, in the 
South of Norway, and crysLals of the mineral occur at various 
places in the United States of America. Among the varieties 
of zircon we must notice the hyacinth, which is a transparent 
red and orange - coloured variety. Jargon or jargoon is a 
nearly colourless variety, with a smoky tinge. Its composition 
is zircon 65, silica 31, oxide of iron 2. It occurs in small 
crystals of four or eight sided prisms, with terminal pyramids. 
In lustre it approaches most nearly the diamond. The 
hyacinth and jargoon are found with other precious stones in 
the sands of Ceylon, already described. Crystals as large as 
walnuts come from Siberia, and fine specimens are brought 
from Greenland. Zircon is found in crystals at various plices 
in Norih Carolina, Vermont, and New York. It belongs to 
the older granitic and gneissic rocks, lavas, and crystalline lime- 
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oxygen with an extraordinary degree of brilliancy. It was 
discovered in the year 1824 by Berzelius, in a black lava-like 
mineral, since named thorite after the Scandinavian god Thor, 
on the west coast of Norway. Thorite is black in colour, 
and heavier than the other earths, its gr, bting 46 to 5'3. 
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CHAPTER in. 

CLA VS. 

Qays, how derived and formed — Decomposition of Basalt, of Rocks in 
Iceland— Brieli Cliya of the Drifl— Analyses— C Jays of llie Tertiary 
Strata, Bovey Traccy— China Stone and China Clay of Cornwall atid 
Devon— Comparison with othir China Clays— KL mm end ge Clay- 
Permian Marli and Clays — Clays of the Coal-measures- Analyses — 
Maiiufaclurea of, in North of England, North Wales, Shropshire — 
Colouring of Clays and their Producls. 

Clav may be described generally as decomposed silica with 
alumina (the former mineral usually predominating) ; and the 
clays of all ages have been derived ultimately from the wearing 
down and decompositioit of rocks already described as con- 
taining these two minerals in their many varieties. But clays 
so derived do not contain all the constituents of their parent 
rocks. Some of these during the process of the chemical 
change we call decomposition have been removed, and by the 
residue an amount of water ranging from lo to 20 per cent of 
the mass has been taken up. Some interesting experiments itlus- 
irative of this were made by Ebelmen on the basalt of Auvergne, 
both in its unaltered and decomposed state. He found that 
in the process of decomposition there had been removed of 
the original constituents two-thirds of the silica, nine-tenths of 
the iron, which was protoxide in the original and peroxide in 
the decomposed rock, one-half the lime, AVths of the mag- 
nesia, and five-sixths of the potash and soda, together equal 
to 43 per cent, of the basalt. The alumina alone remained 
tmdiminislied, a quantity of water having become united wi fit'l 
that and with tlie other residual elements of the roclc. 
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It has been found that the decomposiiion of the silicates of 
rocks {whether igneous or sedimentary) has been effected by 
means of oxygen and carbonic acid, the latter decomposing llit 
silicates, and the former changing the protoxide into peroxide- 
SiUca is readily soluble in water containing alkaline carbonates. 
It is also soluble in pure water, and in water charged with 
carbonic acid. Lime and magnesia are also soluble in water 
chained with rarbonic acid. 

The water Sowing through the crevices and interstices of 
the earth's crust is so charged, and as in some places the waters 
of the sea and lakes are now so charged, so through past ages 
there have been times and places where the waters of seas and 
lakes have been so charged with carbonic acid. Hence by pro- 
longed action the rocks in contact with these waters have had 
their silicates dissolved, the latter entering into new combina- 
tions, sometimes, indeed, as nearly pure silica, but usually with 
the alumina set free from the dissolved rocks, and with portions of 
the water forming clays. An illustration of the active and rapid 
decomposiiion of rocks occurs in the volcanic sulphur districts of 
Iceland, where various gases on their eruption from the earth 
decompose the surrounding rock (palagonite, a hard, reddish- 
white vitreous rock), and changes it into masses of clay of 
various colours according to the amount of iron and other 
minerals it contains. 

Beds and irregular deposits of clay occur in all the groups 
of strata from the most recent down to the base of the Coal- 
measures. Thin layers and pockets occur in the underlying 
millstone grit The softer layers of the cirboniferous Limestone 
and of the underlying Devonian partake more of a shaly and 
marly nature. When we reach the Silurian and Cambrian. 
apart from clayey matter filling cracks and interstices with 
some thin beds in the Upper Silurian, it would seem as if what- 
ever deposits of clay had been found in those early ages had 
again by heat and pressure become hardened into rock. Possibly 
the purer and finer kinds of felspathic rocks, such as those 
which in this country and in Norway and Sweden are quarried 
for porcclainitic purposes, represent these ancient clay beds. 
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Let us now notice the nature and uses of the various deposits 
of clay in strati graphical order, beginning with the newest and 
uppermost.' 

Starling with ihe north-west side of Britain, we find a 
thick deposit of gravel, sand, and clay covering the various 
rocks. Lying over nearly the whole of these deposits there is 
spread a thick covering of clay with boulders, known as the 
upper boulder clay. In hollows lying on the surface of this 
clay there are deposits of finer clay which has been washed 
out of the boulder clay, and has been redeposited comparatively 
free from stones in the hollows which at one time contained 
deep still water. It is of this clay, which is of a reddish yellow 
colour, that the surface bricks of the Welsh border counties are 
made, as well as many of those manufactured in Lancashire. 
These burn of a bright red colour. Many examples of these 
deposits may be seen in the brickyards between Chester and 
Oswestry.' 

Where these clays spread over the Triassic strata, as near 
Shrewsbury, they become much redder in colour. The follow- 
ing analysis will show the general composition of these super-j 
ficial clays: — 

Silica t6'C8 . . . 49-38 . , . 57-83 

Alumina 2608 . . . j+'ib . . . 

Osideofiron . . . iit . . . 7-74 . . . 

CJxide of manganese 1 

Lime 0-84 . . . 1+8 . . . 

Magortdi Irjce . . . S'i4 . . . 

Potash 3-87 

Sixla 0-56 I 



■ The reader will iind much important and inleresliDg iarnrmatica 
' The Source of ihe MateiijU compaHiDg ihe White Clays of the Tetiiaa 
by George Maw, Esq., FG.S. Quartetfy Jounial Ceol. Society,'* 
jxtii. p. fiT.etstq. Also Calalugve 0/ Sptetmens of Ihe Clays and Plajtlc 
Simla of Great Britain, exkibittd in the Musium of Practical Geology, 
London, by Ihe same nutlioi. 

> See ■ The Diill o' llic Nonh Wales Border,' by D. C. Davies, F.G,Skf 
Pnttedirtgi, Givlogists' Association, vul. iv. 
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Carbonic add o 90 

rhoiphorJL- acid ..... (rati.-' 

*Org«,icm,t.« 4 3-) 
W.ler 5 14 - >Vi ■ ■ ■ ' '3 
In the valleys of Wales a dark blue clay underlies the sand 
and gravel deposiis, and it is probably derived by washing 
from the blue and grey slaty and shaly rocks that prevail in 
that country. A similar deposit is ilescribed by Mr. Maw as 
occurring underneath ihe alluvium of the Severn Valley, near 
Bridgenorlh. 

Underneath all the dridal deposiis there are in North Wales 
and on the borders, nestling in hollows and troughs in the 
carboniferous limestone and millstone grit, numerous deposiis 
of fine white clay which have evidently been dissolvel out of 
the adjacent rocks, the lime having been carried olT and in 
some cases deposited as tufa in the immediate neighbourhood. 
The white clays of Nani*y-Garmer, near Llandudno, and of 
Halkin and Mold Mountains, occurring in pockets and irregu- 
lar masses, are examples of these. The red and dark marls 
and shales of the limestones have also contributed to these 
clays, examples occurring in the red clay of Nani-y-Garmer, 
w. Llandudno, and in the dark clay of LUnferris, near Mold, 
^ta T/u China or Porcelain days of Cornwall. — Although derived 
^Hem rocks of 0. diiferent nature and age, these deposits may be 
^ grouped from their similarity of origin and position with those 
just referred lo. The china clay trade of Cornwall is of con ■ 
jiaralively recent dale. It appears to have originated with 
Mr. William Cookwnrthy, who opened a pottery at Plymouth 
in the year 1733, at which he worked some of the clays of 
Devon. In 1755 he found a stone near St. Stephen's, the 
present china stone, which he used Tor forming a glaze upon 
the porcelain. In 1774 Cookworthy sold his patent to 
Richard Champion, a Bristol merchant, and the works were 
removed to that city. Soon afterwards the works were trans- 
lerred to Tunstall, in Staffordshire, where the business grew 
and flourished, the clays and stones of Cornivall thus finding 
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their way to the Staffordshire potteries, Tlie largest deposits 
of china da)- in Cornwall are found in the neighbourhood of 
St. Austell and St. Stephen's. There are also other deposits in 
the eastern part of the county, at Blisland and St. Breward, near 
Bodmin, and also near Helston on the west. From ihe 
St. Stephen's and St. Austell district there were exported to the 
potteries in the year 1809, 1,757 tons ; in 1810, 1,888 tons ; 
in 1811, z,o86i tons; and in 1812, 1,252 tons. Besides the 
exports to Staffordshire there were sent to the china manufac- 
tories of Worcestershire, from March, 1816, to March, 1817, 
1,775 '0"s. By the year 1826 the trade had grown so that a 
total of 7,538 tons were shipped that year from Cornwall, 
the points of production having also extended to other places, 
the district of St. Austell and St. Stephen's, however, supplying 
7,090 tons of the amount. In 1838 the production of china 
clay in Cornwall was estimated at 7,600 tons per annum. The 
production in the year 1880 was 278,572 tons, and in 1881 
241,658 tons. In addition to ihis the production of china 
stone, which in 1838 was estimated at 5.000 tons, was In 18S0 
34,870 tons, and in 1881 30,479 tons. Besides these quantities 
there were also raised in Devonshire, from a different deposit 
for the most part, in 1880 25,370 tons, and in 1881 39,067 tons. 
The price of the china stone delivered free on board ship is 
from 30J. to 40^. per ton, that of the china clay about 25^-. per 
ton. The royalty payable to the landowner on both is from 
2s. 6J. to 4J. per ton, a rather heavy royalty. The poor-rates 

The china clay has been derived from the decomposi 
and wearing down of the granitic rocks in the neighbourhoi 
of the deposits, especially of those parts which yield most 
readily to those atmospheric and aqueous influences referred to 
at the commencement of this chapter. The materials have 
been redeposlted in adjacent hollows and flats, and in some 
cases where the rock has been crossed and reticulated by veins 
ot lodes, the decomposed material remains in its original 
position. An example of this occurs at the Carclaze pit, 
situated about two miles north-east of the town of St. Austell. 
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It is one of the largest open excavations for clay in Cornwall, 
being about 14 acres in extent Tin has been mined here as 
in an open slockwerk for several cenluries. The tin was found 
in numerous veins from 2 in. to 2 ft, wide, that traversed in 
every direction a decomposed granite of a whitish colour. 
The quarry is now worked almost exdusively for clay. 

When quarried the clay is separated from the coarser mate- 
rials with which it is associated by washing. It is placed on 
either a natural or artificial gently inclined plane. A stream 
of water falls upon it from the height of a few feet, which 
grailually washes it away. The larger fragments are caught upon 
gratings. There are dams placed at distances of 20 fL or so 
apart, which also intercept the heavier materials. The liquid 
then flows through a series of tanks, until al last only the very 
fine clay remains. This bears the proportion of i ton to every 
8 tons quarried. It is cut into lumps of convenient size, is 
dried, formerly without the application of artificial heat, but 
now this is frequently used, and when it is sufficiently hard to 
bear removal the clay is ready for sale. The wages of the men 
*erages a. dd. per day of 7^ hours. There are about 100 
Vj works in Cornwall, employing about 1,600 workmen. 

The composition of St. Stephen's china clay is given as, 
silica 39"55, alumina sS'oj. water 12-50, magnesia a trace. 
with an insoluble remainder of S70, probably chiefly silica. 
An analysis of china stone from the parish of St, Roche shows 
its composition to be silica 63-17, alumina 20-89, peroxide of 
iron 0'i4, lime 0-90, magnesia o'li, potash 11-48, soda 3-n. 
total 94-90. It win be seen that in the clays the potash and 
soda, with portions of the silica, have been removed. 

It may be interesting here to compare the composition of 
the china clay of Cornwall with Other clays used in the manu- 
facture of porcelain. 



Irigioal kaolin' of Chia 



Silica 76, alumina 17, pota«h 



1 soda 6 (the 



r previouily 



lin, « corruption of Kauling, a high ridge — the n 
K Jauchan Fu, where the miaeral is obtained. 
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Orit;iai.l kaolin of Japjn. 


Same as above, only with le 




alkalies. 


Kaolin oi poieel.iio clay rrom 


Silica 43'6, alamini 377. P* 


Schn^ch re- 


oxide of iron I '5. waier 11-6. 


Kaolin from Sellitr, SaiLony, after 


Silica 54, alumina 44, potash trie 


water was eipellcd. 




Kioln from Mori, nenr Berlin. 


Silica ri-4. alumina *6-o, lin 




and poliali trjces. 


Sr. Yriei, France. 


Silica 46'8, alumina 37. wal 




13, pouslia-s- 


„ Dirlmoor, Devon. 


Nearly identical with the foi 




going from St. Yriei. 


To the foregoing 1 may add the 


Silici 482, alumina 28 I. m« 


cQiDpDailion of the line red clay, of 


nesia 6 tu ',, per^ixide of iron 


whidi the Nortb American Indians 


carbon4te of lime 2-6, oxide 


make their pipes, and named afier 


ma-gane.eo.6, water 8-4. 



Where felspar can be found of sufficient purity it is quarri< 
for pottery or porcelain manufactures. This is done as atrea* 
staled in Cornwall, and considerable quantities are import^ 
into this country from Sweden and Norway. In Ireland, to 
the beautiful porcelain of Ferraanaaih is obtained from th 
red felspar found in the vicinity. When burnt this felspar los 
its colour and becomes white, and the metallic iron, (rot 
whose presence the colour was derived, is separated from ti 
powdered felspar, when it is mixed with water, by means 1 
magnets. 

Among the clays of the Tertiary strata especial refera 
may be made to those of Bovey Tracey, referred to i 
ler XII., as associated with the bituminous deposit of 1 
same place, zni which form an important source of the cU 
ex[)0rted from Devonshire for pottery ptirposes. 

These clays are diviiled into several kinds according 
their colour, texture, and the chief purpose for which they a 
employed. There are the ' best pipe clay,' the 'cutty clay,' 
the ' household clay.' which is used for whitening stone steps 
and pavement; the 'stoneware clay,' employed in the maouj 
facture of stoneware; the 'alum makers' clay," used I 
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pottery purposes and the manufacture of aliini: llie ' drain- 
pipe clay,' used in the manufacture of drain-pipes and fur 
oiher common purposes; it is stained with iron ; the 'blue 
hall day,' which burns to a pale colour, and is extensively usei! 
for eanhetiware purpose* in the poiterics, and which shoivs on 
analysis the following composition ; — 

I Silica, ...... 470 
Alomina 4fo 
Oxide or iioD I-; 
Magnesia ro 
Water aad wasle .... 1-5 

e 'black, ball clay.' the dark colour of which is probably 
liue to the presence of carbonaceous matter ; the ' btown ball 
clay,' employed for pottery purposes (composition on analysis 
shows two-thirds silica, one-third alumina, with traces of mag- 
nesia, oxide of iron, and carbonaceous matter) ; the ' black car- 
bonaceous clay.' This clay in its natural slate contains 13 per 
cent, of caibon, and the coarser kinds 33 per cent. It burns to 
extreme whiteness, which is believed to be due to the reduction 
of the sesquioxide of iron it contains in the kiln by reaction 
with carbonaceous matter. 

Lower down still in the Tertiary strata are the clays worked 
near Wareham, Dorsetshire. 'I'liese consist of a 'red plastic 
clay,' which is used to a small extent in the mamiiactute of 
encaustic tiles; 'white clay," which fires of a light cre.im- 
colour, and is employed for various pottery purposes ; ' 7 clay.' 
also employed for pottery uses, and is remarkable, with the 
following, occurring at the same place, for ita great con- 
traction in the kiln; 'black clay,' coloured with carbona- 
ceous matter which bums out in the kiln; 'blue cl.iy,' con- 
taining about 60 p^ cent, of silica, 34 of alumina, 2 of poiasli, 
ivith small amounts of oxide of iron and water of combination ; 
■ yellow clay ' of a bright yellow colour, due to the sesquioxide 
r iron being hydrous. It is associated with the blood-red 
|aslic clay first named. These Jwo clays are used in the 
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manufacture of encaustic tiles and are worth from 7^. to i^ 
per ton free on board at Poole harbour. 

There are various beds of c!ay in ' the London clay ' worki 
near Harwich, Bognor, Arundel, and others interstradfied »' 
the cretaceous Wealden and Purbeck strata which are lot 
worked, among which may be named the ' fuUers'-carth ' i 
the Sandgate beds of the Lower Greensand. This occ 
between Red Hill and Nutfield, Surrey. It also occurs nej 
Maidstone in Kent, Woburn in Bedfordshire, and n 
ton, in Scotland. The fullers' -earth of Surrey is compos^ 
of silica 53, alumina 10, iron peroxide 97S' magneda i 
lime o'5, and water 24'o, In the Oolitic series among c 
clays there is the well-known Kimmeridge clay, used 1 
making coarse pottery and bricks, and which, in addition I 
silica and alumina, contains protoxide of iron z-oS, sesquioxide 
of iron 4'32, bisulphide of iron i"42, carbonate of lime 4"28, 
and sulphate of hme 5*34, with crystals of seienite distributed 
throughout the mass of the strata. 

Passing by the Oxford and other clays of the Oohte and 
those of the Liassic, Rhaetic, and Triassic strata, some of which 
are of local importance, we come to the red marls of ihe Per- 
mian, which form the base of important and extensive in* 
dustries in Denbighshire, Shropshire, and Warwickshire. These 
marls form the middle division of the Permian strata. They 
are, in Denbighshire and the contiguous pans of Shropshire, 
about one hundred and fifty yards in thickness. They are of 
a deep red colour, but contain nests and irregular patches of a 
light green, greenish grey, and buff colour. These patches are 
carefully separated from the mass in quarrying, especially for 
the finer kinds of work. The quarries are deep open excava- 
tions, fcom which the clay ts usually drawn up an inclined plane 
lo the highest point oi the works, whence, after it has been 
crushed, ground, and duly rabted, it is distributed over the 
works for the various processes it has to pass through. The 
red portions, containing most oxide of iron, burn of a deep red 
colour, although the presence ol the alkaline earths in clays 
containing most iron will cause ihe |)coduct to be of a lightd 
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colour. There is scarcely any limit to tlic uses to which 
these clays are put — bricks, flooring and roofing tiles, drain- 
pipes, lerra-colta work, cornices and architectural mouldings 
and decorations of all sorts. A visit to the works of Mr. J. C. 
Edwards, Penybont, near Ruabon, or to those of Messrs. 
Maw, near Brosely, will show the extent to which, by means 
of chemical knowledge and long experience, the clays are 
made use o( for many purposes. The works in connection 
with the Hockley Hall Collieries, near Tamworth, are also well 
worth a visit, presenting as they do the example of works 
skilfully laid out for producing the largest results ai the smallest 
cost. 

Besides 80 per cent, of silica and alumina, the red portions 
of these marls contain 1 — 

Water of comhinalion 

Soquioiideofiron . 

Piotoiide of iron 

Bimlphide ofiion 

Co-bonate of lime 

Sniphalc of lime. 



^eomi 



3-39 



■64 



<c examples of the red portions contain from 7-54 to 
of scsquioxide of iron, the lighter colour of the green 
grey patches being due to the smaller (juantity of iron in their 
composition. 

T/ie Clays of the Coal-measures, — Underneath most of the 
beds of coal in the British, as well as other coal-fields, there is 
a bed of clay varying from i to 18 feet in thickness. At the 
base of the Permian the red colour for the most part ceases, 

is replaced by clunch, or clay of a blue, yellow, or pale buH 
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colour. The iight-co loured days, from the quantity of siUca 
they contain, as well as from their freedom from impurities, 
have great fire-resisting properties, and are known as fire- 
clays. During the last and present centuries a large industry 
has grown up in [he use of the clays of the Coal-measures for 
various purposes, more especially in connection wilh the north 
of England, Flintshire, Denbighshire, Shropshire, and Stafford- 
shire coal-fields. 

In ihe north of England the manufacture of earth en wan.' 
was started about the year 1830, and that of fire-bricks and fin- 
clay goods generally, first started on the Tyne, about a hundred 
years ago. The clays under different coal seams possessing 
different properties, and all of them being capable of being 
worked from the same mine — if deemed desirable — gives great 
faciUiies for the manufacture of widely different goods at clay 
works established in connection with a colliery. Mr. Joseph 
Cowen, M.P., gives' the following analyses of samples of fire- 

Newcasde-upon-Tyne : — 
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Silica . . . 

Of<\eotiiia'. 
Lime . . . 

Water and or- 
ganic miittet 


S'-io 
3- -35 

m 

10-47 


47-55 

»9'50 

'■34 
071 


485s 
30-35 

10-67 


30'4o 
4-tii 1 
176 i 


7.-.« 
1775 
.■«, 
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The fire-clays — those containing the most silica — are mm^^M 
into bricks for lining furnaces, sanitary tubes, gas-retorts, aT(4^| 
lectural ornaments, and many other articles which the mod^^H 
requirements of science, sanitation, and manufactures demu^^f 

Passing south-west to ihe North Wales and Shropshire oo^^| 
field, the following remarks from a paper of mine publishe^^H 

' The Industrial Resources 0/ tkt Tj/nt, Wear, and lets. Newcul^^l 
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few years ago,' may serve to describe both the growlh of the 
industry and the purposes for which the various clays are used. 
The following is a very general section of the order and 
position of the principal coal-seams of North Wales and the 
contiguous part of Shropshire, and its perusal will enable the 
reader lo understand the subsequent allusions to the different 
clays and works of the district ; — 

I Dark Red Sandilami. 
VJ.. 
Saint Marttn't Coal-meuures 90 

Middle I Redmatls 111 

Lower (£ I Grey and green tocks and conglometale . . .1^0 

Upper coal-mcliurci <K> 

Middle sudstooes, shales, nnd coals, including tbe 
freestone known as ihe Cefn, Mioera, or HoUin 

siuuliitane 140 

Cefa Caal. 1M= 

CUys, sbaleE, and thin coab .... ii>o 

Dirty or Preteial Coal. 
Strata ai under Ccfn coal 60 



StraU u before . 
Strata u before 
StraU with coals 
Strata 



Quak, 



StnU 
Strata 



Main Coal. 

Upper Yard Coal. 

Lirwtr Yard Coal. 

Wall and Bench Coal, 

Lluiynenian or Half Yard Coal. 

ChwareU Coal. 



n 



I The days of the 'Coal-measures' are usually denominated 
IS of Nailh Wales," Bntish 
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' fire-clays.' Their power of resisting the action of fire is, 
however, very variable. The best adapted for this purpose are 
those that contain the largest proportion of silica, and that are 
free from any admixture of the oxides or sulphides of iron. 
Even the best of them have their fire-resisting quality increased 
by the addition of sand from the beds of the millstone grit ; 
indeed, the bricks made from the 'gannlster' beds of that 
series are the most largely used in the raanufacture of iron 
and steel. Mr. Thomas Barnes, of the Qulnta, and Mr. J. C. 
Edwards, of Trefynant, have both of them made some inte- 
resting expeiimenls in the admixture of these sandstones with 
the clays worked by them. 

We now turn to the notice of the principal brick and tile 
works of the district, and we find that among the earliest works 
of tlie kind were those of the late Mr. Howell, known as 
'The Pottery,' at Trefonen, south-west of Oswestry. The 
writer remembers these in active work forty years ago, and at 
that dale the proprietor had discovered the adaptability of the 
clays to the manufacture of pipes, tile-crests, chimney-lops, 
and many of the other purposes for which, since then, they 
have been more extensively used. 

The chief clay worked at Trefonen was the one underlying 
the four-foot coal of the locality, and which corresponds to the 
Quaker coal of the section. These works were closed about 
twenty-five years ago, when the bulk of the trade was removed 
to the works of the late Messrs. Croxon, at Sweeney, south 
of Oswestry. The manufacture of fire-bricks, tiles, and drain- 
pipes has been largely carried on at these works until now, and 
recently, the concern having changed owners, the present com- 
pany — the Oswestry Coal and Brick Company — have made 
extensive additions to the works, to meet the requirements of 
an increased business. 

Two days chiefly are used here, the one under the ' four- 
foot coal ' as at Trefonen, and that under the ' black shale 
coal,' a coal answering to the ' Drowsal coal ' of the section. 
It was from an old ]jit-heap composed largely of these days 
that the bricks used in the construction of the Osh'i 
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sewage works were made. The clays themselves yieVl a 
nearly white brick, ihal looks well in a building, although, 
perhaps, ihe absence of warmth of colour ma)-, to some tastes. 
be a defect. The owners have, however, on their properly a 
thick deposit of the ' red marls,' and by a judicious mixing of 
these with the white clays good results may be obtained, 

A very important work, full of good machinery and con- 
:tcd with a railway, was some years ago carried on by Mr. 
lomas Savon at Coedygo, midway between the two former 
works. It is now closed, and every vestige of it removed, the 
owner of the freehold, it is said, objecting to such works as 
spoiling the ruralily of the neighbourhood. 

Six miles to the north of Sweeney are the brick-works of the 
Quinta Colliery and Brick Company. The clay of the 'yard 
coal ' was worked here for some years ; but latterly the under 
clay of a lower coal, probably that of the ' lower yard,' has 
been substituted. The former clay contained an apprecialiie 
quantity of oxide of iron, which occasionally gave a reddish 
tinge to the bricks. An improvement has ensued with the 
working of the lower clay, and a nice sound brick, with rather 
more colour than those of Sweeney, is the result. The manu- 
facture here is not confined to bricks, but includes pipes, 
tiles, S;c. 

Three miles farther north, and situated on a promontory 
formed by the windings of the river Dee, we reach the Peny- 
bonl Works, belonging to Mr. J. C. Edwards, of Trevor. The 
clay used at these works is obtained in an open excavation from 
the 'red marls' of the Permian, near the top of the section. 
Following the colour of the clay, the bdcks and other produc- 
tions at these works are of a deep red colour. Perhap'S a 
better red brick, smoother, more uniform in texture and 
colour, and more impervious to moisture, is not produced than 
the best pressed bricks from the clays of these works. In 
addition to bricks, the manufacture of blue paving-tiles is 
largely carried on, as well as that ol rooling-tiles, for which, 
owing to the scarcity of roofing-slates, and the revived taste 

icd-tiled roofs, there is a good demand. Other articles. 
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, pipes, flooring-tiles, &c., are abo extensively 



made here. 

About a mile and a half higher up the valley of the Dee 
are Mr. Edwards's older fire-clay works, at Trefynant, which 
may be briefly described as among the most complete works of 
the kind in North Wales. The clay used is that underlying 
the ' Llwynenion.' or ' Half-yard coal.' This cUy is many feet 
in thickness. The underground workings are extensive, and 
the coal is left in the ground to form a roof for them. 

The productions are of a pale buff colour, of great uni- 
formity of appearance. Mr. Edwards has, from lime to time 
during a long course of years, added the manufactvire of 
chimney-tops, socket-pipes, junctions, and of all kinds of 
sanitary ware, to the glaze and finish of which he has given 
much attention. 

Of a very similar kind, and deserving of much the same 
remarks, are the more recent works of Mr. Bowers and of Mr. 
Seacombe, nearer to the village of Ruabon. 

These gentlemen, with Mr. Edwards, have hitherto been 
the chief producers of sewage, drainage, and sanitary appliances 
in North Wales. The bricks from all the works command a 
large sale. 

A little farther to the west of the Trefynant Works we are al 
Garth Trevor and on the lower edge of the Coal-measures. 
Here, from the shaly and iron-stained clays and sandstones 
that lie between the Chwarele and lowest coal, Mr. Charles 
Mason produces large quantities of good sound and serviceable 
cherry-red bricks, which are well adapted for all ordinary 
building purposes. The clay of the 'Chwarele coal' occurs 
abundantly on this properly. Its productions are of much ihe 
same character as those of the Llwynenion clay, and it is well 
adapted for ordinary pottery use. It has not, however, as yet 
been worked to any extent by Mr. Mason, as it has in the ad- 
joining ' Chwarele Works,' of which little can be said just now, 
except that, through the vicissitudes of trade, operations were 
recently s 

Up the hill to the north, and siiuaied about two miles i 




BRICKWORKS OF BUCKLEY MOUNTAIN. 

&ie west of the ^nlbge of Ruabon, are the more recently 
developed works of Messrs. Smith and Thomas, at Plas Ucha. 
This firm works the clays associated with the ' wall and bench " 
seams of coal, which here are adapted for use, and yield gooi! 
bricks of a pale yellow colour that are rabidly finding their way 
into the market. 

More recent sliil are the works at Plas-yn-wern, the pro- 
perty of Mr. G. H. Whailey, M.P., and which promise to be. 
among the most extensive of the district. Various clays, 
from the ' Quaker ' downwards, are intended to be used at 
these works. 

At Ponkey, farther north, good hard pale red bricks are 
made from the clays in the refuse heaps of old coal-pits, and 
one or two works are in the early stages of growth.' 

A stretch of six or seven miles brings us to the very edge 
of the Denbighshire coal-lield, where it is separated from that of 
Flintshire by the limestone and grit hills of Hope and Caergwrle, 
Here are the Llay Hall Colliery and Brick Works, which are just 
being brought into shape, and where, in addition to the use ol 
the clays from the lower coal-seams, the owners intend to work 
the series of clays and shales that lie in the middle series 
between the ' Cefn ' or ' Minera sandstone," and the ■ Cefn ' or 
'stinking' coal. 

The mention of these shales and clays, and a walk of a few 
miles across the dividing hills, brings us to the old and great 
brickmaking region of Buckley Mountain, The works on and 
about the ' mountain ' are very numerous, and among the 
oldest are those belonging to Mr. Hancock and Mr. Catherall. 
Great open excavations meet us at almost every turn. These 
are dug in the shaly clays just alluded to as underlying the 
'Cefn' or 'Minera sandstone,' which here is known as the 
' Hollin coal rock,' or sandstone. Immediately underneath 
this rock is a thick deposit of rocky clay, which, mixed with a 
little of the purer clays, makes a good common brick. Next 
below is a series of blue and yellow clays, which yield good 

' As ihex pages aie parsing IhroD^h the press, most eitenEive tetrs- 
COtlB and brick work? are being erected neai Ponkey. 
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bricks of a. pale red colour. Lower down is a dark claj 

when burnt, loses its dark carbonaceous colouring matter, and 

gives a nice pale -co loured fire-brick. 

Underneath the whole of the above clays there is on the 
'mountain" a bed of fine yellow clay, which has long been 
used for the common, though useful, kind of poUery ware for 
which the place is famous. A bed of the same character, and 
occupying just the same position, has also been worked for 
many years at Cefn, near Ruabon. 

On the northern slope of Buckley Mountain, and lying 
between it and the river Dee, is the Aston Hall Colliery and 
Brick Works, on the property of the Right Hon. \V. E. Glad- 
stone, M.P. A beautiful rich-coloured yellowish brick is 
made here from the days of ' wall and bench coal,' as at Pias 
Ucha, near Ruabon. These bricks may be seen to advantage 
in some of (he best buildings at Rhyl and other loivns on the 
north coast of Wales ; they form a nice contrast to and ia « 
combination with the dark red bricks from the ' red marls ' aM 
Penybont. B 

Since the foregoing remarks were written, changes have f 
taken place in the ownership of the smaller works ; but 
Edwards's, Bowers's, and Seacombe's remain in the same 
hands. At the Sweeney Colliery the red clay referred to has 
since been opened upon and worked with considerable success. 

The clays of the Coal-measures are hard, and are usually 
mined by cutting away the foot and boring in the lop of ihe 
seam for blasting. The price paid to the getters varies from 
IS. &J. to 2s. ^d. per ton, according to the hardness and thick- 
ness of the seam. In most cases the newly-obtained clay is 
laid out conveniently upon the surface for weathering before it 
is used. The purer yellow and buff clays are much mixed in 
the district with the red clays of the Permian in the manufac- 
ture of encaustic liles. 

The clays mo^t used in the South Shropshire coal-field ft 
the following : — 

A red marl occurring from 20 to 30 yards above the ' 
phur coal' at Broseley Green. This is about 5 ft. thick, 1 
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It is extensively employed at the Messrs. Maws works, in asso- 
ciation with more refractory clays, in the manufacture of 
encaustic tiles. The red portion of the day contains up to 
8*64 of iron ; it burns of a dull red colour. Its composition is 
4'o6, titanic acid o'6i. 



5 follows: silica j f™''^^'^ 5 ^9''M 64-0 
I free ( 34-35 ( 



alumina 3'6o, sesquioxide of iron 6'84, protoxide of iron 
o'3a, protoxide of manganese o^og, lime o-ia, magnesia 
004, potash o'9i, soda 0*44, water, with traces of organic 
matter, S'85. The brUk clay, occurring about the middle of 
the Coat-measures as a bed from 3 to n ft. thick, and is 
extensively used in the raaniifaclure of the celebrated brown 
Broseley bricks. The Fcinystone Mount, which forms the 
matrix of the Pennystone ironstone at IJenlhall, Broseley. li 
is 6 ft. thick, and has nodules of carbonate of iron in the upper 
pari ; it is grey in colour, and of a rich ochreous brown after 
burning. It is used in the manufacture of encaustic tilea. 
Two-foot coal fire-clay, worked at Benthall, Broseley. Colour, 
dark grey ; burns of a pale buff or cream colour. It is used in 
the manufacture of fire-bricks, common 'yellow ware' pottery, 
and encaustic tiles. 

* Ganie coal (ire-clay,' in the lower Coal-measures, about 
2 fL thick, of a grey colour, and burns of a pale buff or cream 
colour. It is one of the most refractory clays of the Shropshire 
coal-field. It is employed in the manufacture of bricks and 
encaustic tiles. 

The clays of the three coal-fields already described may be 
taken as representative of those obtained from the other British 
coal-fields, from the whole of which there was produced of clay 
in the year t88i, as returned to the inspectors, 1,896,907 tons. 

With its wealth of mineral resources, America possesses 
an abundance of clays of various kinds, which are gradually 
being utilised. The same remark is true of the Coal-measures 
and other clays of various countries; but the foregoing de- 
scription of the clays of Great Britain may be taken as repre- 
I scntative of similar deposits in foreign countries. 

The following remarks relative to tlie colouring of burnt 
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clays, by Mr. George Maw, F.G.S., given in the ' Catalogued 
British Clays,' to which I am intlebted for much informatidT 
are inleresiing and valuable, the more so since they are ihe r* 
of much investigation and practical experience. 

'The colour of burnt ferruginous clays is entirely due I 
the amount of iron present, irrespective of its previous slate I 
combination, but subject to certain conditions in the genei; 
composition of the clay. The action of the kiln, with soi^ 
exceptions referred to below, is uniform on nearly every s 
of combination in which the iron occurs, viz. to reduce it \ 
anhydrous scsquioxide, associated as silicates in a more or lej 
intimate state of combination with the other silicates develop) 
in burning. 

' Yellow clays coloured with hydrous sesquioxide, e.g. yelto 
ochre, and red clays coloured with anhydrous sesquioxide a 
the lower hydrates, merely lose their water of combination aj 
become bright red bricks. 

' Grey clays, containing finely divided pyrites or bisulphide 
of iron, are also convened by the kiln into bright reds, the 
sulphur being driven off, leaving the terra-cotta charged with 
ihe red anhydrous oxide. 

' In clays charged with grey carbonates of iron the followj 
reaction takes place. The carbonic acid is driven off J 
carbonic oxide, part of its oxygen peroxidizing the iron. 

'Grey clays containing less than i or li per cent, of i 
change in the kiln to various shades of cream colour or t 
whilst those containing from a to lo or la per cent, of irf 
produce in the kiln the bright red bodies used in the maouf 
ture of terra-cotta, encaustic tiles, red building bricks, 
There seems to be no essential difference, with the exce 
noticed below, in Ihe colouring matter of the clays thai bifl 
buff and those that bum red in the kiln, the depth of c 
depending merely on the amount of iron present, the buff&lu 
graduating into the deeper shades of red. 

'The brightest shades of red and buff ore, however, p 
duced with but a partial vilriiicalion of the body. At r b 
sufficient to insure its complete vitrification a further cliangd 
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colour takes place. The bright buff shades are changed to 
neutral greys, and the reds to a slaty greyish black, which 
probably results from a partial reduction of the metallic 
colouring matter, and its more intimate combination with the 
other vitreous silicates produced at the higher temperatures. 
In clays containing a large proportion of carbonaceous matter 
the complete peroxidation and consequent colouring power of 
the iron seems to be arrested. In the black carbonaceous clay 
of Bovey Tracey, containing 13 per cent, of oi^anic matter, 
the combustion of the carbon in contact with the ferruginous 
oxides seems wholly or partially to have reduced them to a 
metallic state or lower oxide having less colouring power than 
the sesquioxide, and a remarkable bleaching of the burnt clay 
has been the result. The presence of the alkaline earths in 
ferruginous clays, especially of lime and magnesia, has also a 
singular bleaching power in the kiln, arresting the development 
of the bright red colour. One of the red marls of the Permian, 
containing 6 per cent, of sesquioxide of iron and 35 per cent 
of carbonate of lime, burned of a greyish buff instead of the 
rich red such a proportion of iron would otherwise have pro- 
duced. From some experiments made by the writer it has 
been ascertained that as small a proportion as 5 per cent, of 
caustic magnesia mixed with a red cky entirely destroys its red 
colour in the kiln, probably from the production of a pale- 
coloured silicate of iron and the alkaline earth. A familiar 
example of this reaction occurs in the process of manufacturing 
yellow bricks in the neighbourhood of London, the colour of 
which is dependent on the admixture of ground chalk with the 
brick earth, the brick earth by itself burning of a red colour,' 

Clays occur in various degrees of fineness, from the coarser- 
grained clays of the drift to the fine clays of the tertiary beds 
and the Coal-measures. All clays contract in burning, but it is 
found that coarse-grained clays containing most silica contract 
less in burning than fine smooth clays. The amount of con- 
traction is due to the loss of water, the loss of carbonic acid, 
i the consumption of the carbonaceous matter contained in 
f day. It is also affected by the presence of alkalies, which 
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Description of Sodjum— Of Chloiine — Common Sail resnliing fiim the 
Combmntioii of the Tvo — The New Red Sandstone Plainsof Englaad 
— StratiKiaphical Position of the Cheshire Salt Dcposilv — Hisloiy of 
Salt-working in Cheshire and Woietslcrshire — Strata overlying the 
Cheshire Sail Beds— Analysis of Rock Sslt—Of B tines- Details of 
Cheshire Snll-miniog — Brine Springs of Worcestershire— Assoria ted 
Strata — Detailed Section of — Charatlerislics of the Biinc — ^Statistics — 
Brine Springs of Ashby Wolds — Salt Manufacliue in the North of 
England — Manufacture of Sulphate of Soda — Ducovet; of a Bed of 
Rock Salt at Middlesborough — Detailed Section of Strata — Analysis 
o( the Kuck Sall^Second Boiing near Fort Clarence with Results — 
Raik Salt Deposits of Cairickfergus, Ireland— Method of Working. 

SOD/mf. 
Sodium, the melallic base of soda, and one of the simple 
elements, is a soft white metal, with the appearance of silver, 
II was obtained by Sir Humphrey Davy by the voUaic decom- 
position of soda- It may be cut with a knife, and it yields to 
the pressure of the fingers. On exposure to the air it oxidizes 
spontaneously, and when nearly red-hot it takes fire and burns 
with a yellow flame. It passes into a liquid slate at a tempera- 
ture of 194°. It is largely diffused throughout nature, its salts 
being found in all animal fluids, and, as we have seen, there is 
an appreciable proportion in most of the older rocks. 

CHLORlhiE.^CHLORlDE OF SODIUM. 
Chlorine was discovered by Scheele in 1774, and it was 
tensidered to be of a compound nature till 1809, when Gay- 
r<I,ussac and Th^nard demonstrated that it should be considered 
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a simple substance, Sir 
Humphrey Davy fol- 
lowed up the investiga- 
tion of it shortly after- 
wards, and gave it its 
name from ;(Xcupos, yel- 
lowish green, in allusion 
to the colour of its gas, 
which isalso very dense, 
and with a strong, sufTo- 
catingodour. Sodium 
takes (ire in this gas, 
and combining with 
that element, common 
salt is the result. The 
same result has been 
produced by the union 
of the two elements in 
the sea, and the propor- 
tions in which they have 
combined with each 
other and with other 
substances will be seen 
in the following pages. 
From the summit of 
the Miners Mountain, 
five miles west of Wrex- 
ham, North Wales, the 
spectator has around 
him one of the most 
extensive views in Eng- 
land. Eastwards there 
is the New Ked Sand- 
stone plain of Cheshire ; 
to the south-west he 
may discern the open- 
ings througfi which this 




■ HISTORY OF THE CHESHIRE SALT DEPOSITS. 63 

geological formation exiends down the plain of ilie Severn to 
Worcester and the Bristol Channel. With a little aid from hia 
imagination he realises how the same red rocks to the south- 
cast mantle around the southern termination of the Pennine 
Chain of carboniferous rocks, through the counties of Leicester 
and Nottingham, and form on the eastern side of the chain the 
Red Sandstone plains of York and Durham. 

It is on the uppermost division of this strata, as shown in the 
section, Fig. 7, tiiat the great salt deposits of Cheshire are found. 

Before I describe the details of the way in which these 
deposits occur, 1 will give a brief rhiimf of the rise and pro- 
gress of the industry. In doing this I am glad to avail myself 
of the help afforded by the information gathered some ten 
years ago by Mr. Joseph Dickinson, F.G.S., one of H.M. In- 
spectors of Mines, and which is embodied in his excellent 
' Report on Land-slips in the Salt Districts.' 

It is clear that the Romans, following in the wake of the 
original inhabitants, worked the salt springe, and among the 
earliest subsequent references to salt springs are those wliich 
relate to those of Droitwich, in Worceitershire. From these 
it appears that Kenulph, King of the Mercians, in the year 
S16, gave Hamilton and ten houses in Wich — the name that 
seems to have been given to places containing salt springs — 
to the church of Worcester; and about the year 906 Edwy, 
King of England, endowed the same church with Tepslonc 
and five salt furnaces or scales. 

Between the years 1084 and ro86 Wilham the Conc[ueror 
caused among the other inquiries, the results of which are 
recorded in Domesday Book, one to be made relative to the 
Wichs and salt-houses — their names, by whom they had been 
held in the time of Edward the Confessor, the last hereditary 
Saxon king, and by whom they were held at the time the 
inquiry was made. In 1S63 Mr. William Beaumont, after a 
pamstaking examination of tlie German text and the ntimerous 
contractions, gave a zincograph of the original document, 
igether with a translation, from which the following particulars 
Ere collected by Mr. Dickinson ;— 
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' In Roeleau hundred the Earl Hugh holds Wyreham 
(Weaverham) in demesne. Earl Edward held it. A foreigner 
holds of the Earl. There were in Wych seven salt-houses 
belonging to this manor. One of these now renders salt to the 
Hall ; the others are waste. The Earl himself holds Frotcsham 
(Frodsham). There is in Wych half a salt-house to supply the 
Hall. 

' In Dudestan hundred, Robert Fitz Hugh holds Eeddes- 
field (Bettisfield, Flintshire) of Earl Hugh ; Earl Edrtin held it. 
The same Robert holds Burwardestone ; Earl Edwin held it. 
There is a salt-house of 34 shiUiogs. The Bishop of Chesi 
claims a hide and a half, and a salt-house in this n 

' In Mildestvich hundred the same Richard (Richi 
de Vernon) holds Wice (Leftwich). Osmer and Alsi held it 
for two manors, and were free men. 

' In Warmundestron Hundret. The same William (Wil- 
liam Maldebeng) holds Aclune (Acton by Nantwich). This 
manor has its plea in the lord's hall, and in Wich one house 
free to make salt. 

' In Tunundune hundred. The same William (William 
Fitz Nigel) holds Hetetune (Halion) ; Orme held it. In Wich 
there is a house waste. 

' In Roelan hundred. The same Gilbert (Gilbert de 
Venables) holds Herford (Hartford). Dodo held it for two 
manors as a free man. In Wich one salt-house rendering 
2 shillings, and half another salt-house waste. 

'In Eochelau hundred. The same Gilbert (Gilbert de 
Venables) holds Wimundesham (Wincham). Dot held il, and 
was a free man. There is one acre of wood and a hawk's aery, 
and one house in Wich, and one border. Randle holds it of 
the Earl Tatune (Tatlon) ; Lewin held it. There is a house in 
Wich waste. 

'Mildestvic (Middlewich) hundred. Hugh and William 
hold of the Earl Rode. Godric and Raves held it for two 
manors, and were free men. 

' In the same hundred of Mildestvic there was a third Wich 
called Norwich (Northwich), which was in farm at eight pouD( 
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In k there were the same lan-s and customs as in the other 
Wiches, and the King and Earl divided the receipts in the like 
manner. All the thanes who held salt-houses in this Wich 
gave no Friday's boilings of salt the year through. Whoever 
brought a cart with two or more oxen from another shire gave 
4 pence for the loll. A man from the same shire gave for his 
carl 1 pence within the third night after his return home, if 
he allowed the third night to pass he was fined 40 shillings. 
A man from another shire paid i penny for a horse-load. 
But a man from the same shire paid i styca within the 
third night after his return, as aforesaid. A man living in the 
same hundred, if he carted salt about through the country to 
sell, gave a penny for every can for as many times as he loaded 
it. If he carried salt on a horse to sell he gave one |>enny ai 
Martinmas. Whoso did not pay it at that time was fined 40 
shillings. All the other customs in the Wiches are the same. 
This manor was waste when Eail Hugh received it. It is now 
worth 35 shillings.' 

The next references, which are to Nantwich,are interesting, 
inasmuch as the salt trade has now departed from the locality, 
the last salt being manufactured at Nantwich about the year 
1S47. 

' Nanhvuh. — In King Edward's time there was Wich in 
Warniundeslion hundred, in which theie was a well for making 
salt, and between the King and Earl £dwin there were 8 salt- 
houses, so divided chat of all their issues and rents the King 
had two parts and the F^rl the third. But besides these the 
Earl had one salt-house adjoining his manor of Acatone 
(Acton), which was his own. From this salt-house the Earl 
had sufficient salt for his house throughout the year. But if 
he sold any from thence the King had twopence and the Eatl 
a third penny for the toll. In the same Wich many men from 
Ihc country had salt-houses of which this was the custom :— 

' From our Lord's Ascension to Martinmas any one having 
a salt-house might carry home salt for his own u>e. But if he 
sold any of it either there or elsewhere in the county ot Chester 
he paid toll to the King and the Karl, Whoever afler Martin- 
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mas carried away salt from any salt-house except the Earl's 
under his custom aforesaid, paid toll, whether the salt was his 
own or purchased. These aforesaid 8 salt-houses of the King 
and (he Earl in every week that salt was boiled, or they were 
used, on a Friday rendered i6 boilings of salt, of which 15 
made a horse-load. But from Martinmas to our Lord's Ascen- 
sion these boilings were given according to custom as from the 
salt-houses of the King and the Earl. All these salt-houses, 
both of the lord and other people, were surrounded on one part 
by a certain river and on the other part by a river, and on the 
other part by a ditch. Whosoever committed a forfeiture 
within these bounds might make amends either by the pay- 
ment of 2 shillings or by 30 boilings of salt, except in the 
case of homicide or of a theft for which the thief was adjudged 
to die. These last, if done here, were dealt with as in the rest 
of the shire. If out of the prescribed circuit of the salt-houses 
any person within the county withheld the toll and was con- 
victed thereof, he brought it back and was fined 40 shillings if 
a free man, or if not free 4 shilhngs. But if he carried the 
toll into another shire where it was demanded, the fine was the 
same. In King Edward's lime this Wich, with all pleas in the 
same hundred, rendered 21 pounds in farm. When Earl Hugh 
received it, except only one salt-house it was waste. William 
Maldebeng now holds of the Earl the same Wich with all the 
customs thereunto belonging, and all the same hundred, which 
is rated at 40 shillings, of which 30 sliillings are put on the 
land of the same William, and 10 shillings on the land of the 
Bishop, and the lands of Richard and Gilbert which they have 
iu the same hundred, and the Wich is let to farm at 10 
pounds. 

' Middeivich. — In Mildestwich hundred there is another 
Wich between the King and the Earl. There, however, the 
salt-houses were not the lord's, but they had the same laws and 
customs that have been mentioned in the above-mentioned 
Wich, and the customs were divided between the King and 
Earl in the same manner. This Wich was let to farm for S 
pounds, and the hundred wherein it was for 40 shillings. The 
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King had two parts and the Earl the ihird. When Earl Hugh 
received it, it was waste. The Earl now holds it, and it is 
let W farm for 2$ shillings and two waintoads of sail. But the 
hundred is worth 40 shillings. From these two Wiches who- 
ever carried away bought salt in a wain drawn by four oxen or 
more paid 4d. for the toll ; but if by two oxen id., if the salt 
were two horse-loads. A tnan from .mother hundred gave 
id. for a horse-load. But a man of the same hundred gave 
only a halfpenny for a horse-load. Whoever loaded his wain 
so that the axle broke within a league of either Wich gave z 
shillings to the King's or Earl's officer, if he were overtaken 
within the league. In like manner he who loaded his horse so 
as to break its back gave x shillings if overtaken within the 
league, but nothing if overtaken beyond it. Whoever made 
two horse-loads of salt out of one was fined 40 shillings if the 
officer overtook him. If he was not found nothing was to be 
exacted of any other. Men on foot from another hundred 
buying salt paid 2d. for eight men's loads. Men of the same 
hundred paid id, for the same nuniher of such loads. 

' Flintshire (the detached portion between Cheshire, Den- 
bighshire, and Shropshire). — The same Hugh (Hugh Kin 
Osbora) holds Claventone (Claverton, Cheshire), Osmer held 
it and was a free man. To this manor belong eight burgesses 
in the city, and they render 9 shillings and 4 pence, and there 
is a salt-house in Norwich (Norlhwich) worth tj pence.' 

In the year 1245, when Henry III. was at war with the 
Welsh, he caused the brine springs of Cheshire to be destroyed 
in order to cut off the supi)ly of salt to the enemy. In the 
time of Henry VI. there were 216 salt-houses in operation at 
Nantwich. In the reign of Queen Elizabeth there were over 
joo salt-works of six pans each in Cheshire. In 167 1 there 
were two salt-works in operation at Winsford. 

Up to this dale the whole of the salt made in Cheshire was 
obtained by evaporation from the brine of springs; but in 
1 670 Mr. Adam Martindale communicated to the ' Philosophical 
Transactions' the fact that in that year John Jackson, in 
searching for coal on behalf of the lord of the soil, William 
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Marbury, of Marbury, Esquire, brought up natural salt by an 
instrument. This first boring was at Marbury Lane, Marston, 
near Norihwich, and it was followed by the sinking of a shall, 
and the deposit was worked until the year 1720, when the 
shaft fell in. Other shafts were sunk, and the working of the 
rock salt underground at Marston has been continuous until 
now. Up to the year 1779 rock salt was only obtained from 
these mines at Marston ; but in that year explorations were 
made at Lawton, which led not only to the finding of the same, 
but also a lower bed of salt. This discovery led the owners of 
the Marston mine, in the year 17S1, to sink a shaft from their 
workings by means of a horse-gin, the result of which was the 
discovery of the lower bed of salt. Explorations have since 
been made to a depth of 60 yards or so in the strata below the 
bottom bed of salt, which show thin beds and irregular sphe- 
roidal masses of rock salt in the marls. These have not yet 
been worked. 

In 1808 brine springs were chiefly confined to the valleys 
of the Weaver and the Wheeloch, with a spring at Dirtwich on 
the borders of the detached part of Flintshire, and a weak 
spring at Dunham, near the river Bollin. 

The most distant point up the course of the Weaver was 
near Aiidlem. Here a boring was put doivn through the slight 
covering of lias which went into weak brine. Nearer Nant- . 
wich there were then several springs in use, but these have 
been discontinued, partly because the brine was weaker, and 
partly because the facilities for carriage were not so great as at 
other places. The most abundant springs were at Winsford, 
and then at Nantwich and Northwich. Between these two 
places the influw of fresh water spoils the successful working 
of the brine. Springs of weaker brine have been found down 
the course of the Weaver to Frodsham. 

From remote times salt has been the subject of taxation in 
F.ngland. There is a reference to it, we are told, 64 years B.C. 
The tribute was continued by the Romans when they worked the 
Dtoitwich salt springs, and they partly paid the wages of thcit 1 
soldiers in salt. Hence, it is said the origin of the custom at | 
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ine Eton Montem of asking for salt. Writing in the last 
century, Dr. Johnson defined this impost to be a hateful tax on 
commodilies not adjudged by the common judges of properly. 
At the beginning of the present century it was computed thai 
Soo tons of salt were wasted annually at the Ashby de la 
Zouch springs in Leicestershire, because of the tax upon sail, 
which precluded ihe possibility of evaporating the brine with 
the small coal, which was thus also wasted. About ihe same 
period the amount of laxes paid by the salt-works of Cheshire 
ami Worcesierihire ranged from i.Soo/. to 20,000/, a year. 
Happily this tax has long been abolished. In the year 1881 
the production of rock salt in Cheshire was 166,740 tons, in 
Ireland 30,891 tons. In the same year the production of 
white salt Irom brine was. In Cheshire i.Coo.ooo ions, 
Worcestershire 2a6,ooo tons, and Staffordshire 4,000 tons, tlie 
both kinds of ihe aggregate value of 1,149.110/. 

Referring now to tlie section, fig. 7, there are in the division 
4 two series of beds below the red sandstones that lie at the 
base of ihe section. The lowest of these is known as the Lowtr 
Mottled group, and it has a thickness, in Lancashire, Cheshire, 
and Shropshire, ranging from zoo to 500 feet, ihe next group 
in ascending order is that of the Pebble beds, which ranjie 
from 500 to 750 feel in thickness. Above these beds come 

. those shown in the base of the section (4), which have a thick- 
ness of about 500 feet. 

Above these beds there occurs in Germany a small series 
of beds knoHTi as ' Huschelkalk,' but so far this member of the 
Trias, as the whole series is termed, has not been recognised 
in tiigland. The beds No. 2 and 3 of the section form to- 
gether the lower part of the Reuper, or highest division of the 
Trias. They consist first in ascending order of a series of 
flagstones and sandstones of pale butf and red colour, on the 
bedding surfaces of some of which are beautiful impressions of 
the footprints of birds and reptiles, good examples of which 
have been obtained from the Grinshill quarries of the Hawk- 

• lAbMie hills. These ate succeeded by a similar succession of 
ptones and marls, the two series having a combined thick- 
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ness of from 450 to 500 feel. Fig. S gives a general 
this division of the sttata as the beds crop out in the ridges 
the Peckforton and Delamere hills. 



i 




The red mails (i), which form the highest beds of the Trii 
attain in Lancashire the great thickness of 3,000 feet. Fortu- 
nately for the winning of the rock salt, they do not reach 
thing approaching this thickness in the Cheshire salt-field, as 
the following detailed section of the strata overlying the salt 
deposits near North ivich will show. 



I. Calcareous mail IJ Oi 

3. lodiuated ted clay 4 ^i| 

3. „ blue clay and marl 7 «» ■ 

4. Argillaceous mail ' Oi 

J. Indurated blue clay to' 

b. Red clav, with sulphate o( lime in irreeutai branches . 4 01 

7. Induiated red clay wilh giains of »ulphate of lime intei- 4 

apeised 4 ?j 

8. Indnraltd brown clay with sulphate of lime crystallised 

in iriegular masses and in large proportion . . It dr 

9. Indurated blue clay with lamina of sulphate of lime . 4 fri 

to. Argillaceom marl 40: 

[I. Initurated brown clay laminated with sulphate of lime . 3 Q, 

12. Indurated t>Iue clay, dilto 3 O 



Canied forward 
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Vl. In. 
Brought forwRrd . . 6j d 

13. iDdnraled red and blae clay no 

Indunleit biown clay with sand and (ulpbite of lime 
irregularly inlerepersed ihrongh it. The frerfi waler, 
Bl Ihe Tale of j6o gaJlons per minule, forced iti viay 
through this sUalum '3 '^ 

15. ArgillaceoDS marl S ^ 

16. Induntrd btu« clay wilb sand and gtaioi of sulphate uf 

17. Tnduiated brown clay Ri next above . IJ o 

|8. Blue clay as sirula next above 16 

19. Brown clay, dilto, ditto 70 

30. The top bed of lork salt 75 o 

31. Layers of indurated day with vetni of rock talt running 

through them 3' ^ 

31. Lower bed of rock sail 115 o 



On the north-west side of Northwich, the upper bed of salt- 
roclc ranges fnm 84 lo 90 feet. It decreases eastward to So 
feel, and to the south-west it loses la to 15 (eet in the couree 
of a mile. It would thus appear lo form a large lenticular 
mass, it being probable also that in extending over a larger 
area it may agaiu thicken. Only 11 lo 15 feet near the 
base of these upper beds are considered pure enough for 
working. 

At Marston, the lower bed is 96 feet thick. In the section 
above given its thickness is 115 feet; at other mines it has 
been penetrated to a depth of 1 1 7 feet without the bottom 
being reached. 

In the upper 70 feet of the lower bed, the salt occurs in 
irregular strings and masses, associated with gypsum. It is the 
lower half that contains the most salt, but of this portion only 
Irom 15 to JO feet near the base are worked. 

The rock salt varies from yellow to red and reddish brown 
in colour, its colour varying with the different proportions of 
iron it contains. It is crystalline in structure, and fine cube 
. crystals of pure salt occur in places. 

The following analysis gives its general composition : — 
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Chloride of sodium .... 98-3 

Sulphate iif lime O'li 

Chloride of maEBesium .... oc 

Chloride of calcium .... oa 

Insoluble mailer ..... I'C 
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The rock salt sometimes appears in irregular coluinna] 
shapes, and sometimes in rounded masses which seem to be 
compressed into each other. Both the beds of rock salt and 
those of gj'psum abound in the remains of minute forms of life 
— Kstheria and Foraminifera. 

The upper marls, with their salt deposits, extend south-east 
to Audlem, where they are covered with a thin coating of Lias, 
Brine springs are found here, but the brine is rather weak. As 
we approach the north-west, towards Nantwich and Beesion, the 
brine becomes stronger. Eastward there are indications of salt 
to Conglelon and Laivton, and northward lo Frodshara. The 
great mass of the salt, however, seems to be about Northwich, 
Winsford, and Marston, The lakes of Budworth and Pickmere 
seem lo lie in hollows formed in the outcrops of the salt-beils. 
Still further to the south-east there are brine springs worked near 
\Veston, north of Stafford. The salt-bearing marls are bounded 
by two divergent ranges of escarpments, which, starting north- 
east of Shrewsbury, range the one in the Grinshill and Hawk- 
stone hills lo the north-east, and the other beginning in a few 
isolated hills, at last becomes continuous in the Pecktorton and 
Delainere hills, running to the north-west. In the year 1873, the 
ilate of Mr. Dickinson's report, there were at work in Cheshire, 
Staffordshire, and Worcestershire 19 salt mines and 49 brine 
springs. Formerly the salt mines were worked by a single 
shall of very small diameter. At present, although the 
diameter of ihe shafts is small, there are now usually two sunk 
to the salt-bed worked, and a third for pumping is sunk to jusl 
below the base of the drift and soft beds, in order lo prevent 
the surface waters running into the mine. As already inli- 
mated, the workings are about 13 to 18 feet high ; the roof 
being supported by thick pillars from 7 to loyards square, and 
from 10 to 25 yards apart, according to the nature of the roof 
and the overlying strata. The salt rock between is removed 




* 



COMPOSITION OF BRINES. 

by blasring. The drills used are about 8 feet long, pointed at 
each end, and thick in the middle for handling, hammers not 
being used. The old fashion, loo, of using a straw filled with 
fine powder for a fuze is also practised. The winding is now 
done by steam-engines in the usual way, and tram-roads are 
used underground ; no sleepers are used, the rails being fastened 
to the rock floor of the excavation. 

About 300 persons are employed at the salt mines of North- 
wich and Winsford. The day's work below ground is either 
from seven in the morning till three in the afternoon, or from 
eight to four, with two half hours out for meals. The mines 
arc clean and dry. free from carbonic acid gas. There is plenty 
of head room. The workmen took healthy, and sanitary 
arrangements are well attended to. 

Besides the mines worked in the rock salt beds, there are 
the brine springs and the pumping arrangements. Indeed, we 
have seen that this is the oldest industry of the two. The 
composition of the brines of Cheshire and Worcestershire is 
given in the following analysis : — 
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The rain falling upon the surface finds its way to the rock, 
entering which by cracks and softer strata it percolates through 
the beds, and taking up into solution the sail they contain, the 
water flows on until it finds a natural outlet at a lower level 
than that at which it entered, or into abandoned salt mines, or 
into wells sunk on puqjose, whence it is pumped up and run 
into pans, which are subjected to heat, the water passing off in 
vapour and the salt remaining. This constant abstraction of 
the solid substances of the strata is producing serious etVects in 
the district. The land sinks, boundaries are removed, roads 
are turned into rivers, and rivers and canals into roads. In 
the towns, Northwich especially, the houses are nearly all 
crooked, and are propping one another up in the spirit of true 
reciprocity. Occasionally a house altogether disappears, to the 
great jeopardy of its occupants. What the end of all this will 
be it is difficult to say. It seems useless to build houses on 
moving and unstable ground, and it is probable that the district 
immediately concerned will be given up to agriculture and the 
production of salt, the dwellings being erected around the 
ouier mai^in of the shifting area. The usual royalty payable 
to the landowner ranges from 2d. to 6d. per ton, with a ground 
rent for land occupied. For brine the terms ate very various. 
Sometimes the royalty is merged in an annual rent, al the rate 
of about 50/. for a Cheshire acre^ — equal to 10,240 square 
yards. The highest price for salt made from it is about loi. 
per ton. 

IVorcester shire. — Droitwich, the centre of the Worcester- 
shire salt industry, lies about twelve miles to the norih-east of 
the city of Worcester. Between the two towns, good sections 
of the waierstones and other beds underlying the upper red 
marls are exposed, as are also the strata between the salt strata 
and the watersiones. Droitwich is situated upon the red maris 
themselves, and through the incessant outflow and pumping of 
the brine, the town is in the same danger of falhng in as is 
Northwich. About thirty-five years ago the ground cracked 
along the axis of the hill to the east of the town, very sud- 
■, so that the sheep feeding close by disappeared in a 
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chasm. Latterly, the houses have been built up on sirong 
wooden frames. Salt springs are also worked at Stoke Prior, 
to the north-east of Droitwich, on the way to liromsgrove. At 
Droitwicb the brine springs are in the town, which lies in the 
narrow valley of the river Salwarp. The sides of the valley 
rise very steeply to a height of 60 to 80 feet. 

The prevailing rock near the surface is a clayey calcareous 
sandstone of a brownish red colour with spots and . patches of 
bluish green. The brine is reached in the pits or wells at a 
depth of from 100 to 180 feet. The general succession of the 
strata in descending order seems lo be soil and drift 5 to 15 
feet; marl, ihe rock above described, 30 to 40 feet; hard, 
flaky or slaty gypsum, formerly called locally, talk. 70 to 120 
feet. Immediately in passing through the bed or beds of 
gypsum the brine is reached, and Irom the tools dropping 
as inches to 3 feel, it is inferred that there is a river or lake of 
brine o( that depth. When struck the brine rushes up the bore- 
hole with great force, which indicates that it has Its origin at a 
greater height than that it occupies in the region of the wells. 
This brine stream rests upon a salt bed. At Stoke Prior the 
pits are deeper than at Droitwich. A shaft was sunk in the 
year 1829 10 a depth of 153 yards, and the rock salt was 
mined, but only for a short time. The section of the salt beds 
here was — 

Vd.. Fl. In. 

To top of rock salt through red marls w[th gypsum and salt. Ill o o 

Red mail, with veins of rock sail 016 

Rock sail, red, wilti from 7 10 ID per cent, of marl . . I j o o 

Flesh .colouied red marl with veius of rock salt . , . S o □ 
Rock sail with from 7 lo aa per cent, of m.rl (not passed 

tbrougb} ... 10 o □ 
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The brine flowing and obtained from the pits is for the 
lost part colourless ; sometimes it has a palish green hue, like 
that of sea-water. It contains from a, 000 to 2,290 grains of 
salt to the pint. It difl'ers from the Cheshire brine in its con- 
taining about 2 per cent, of sulphate of soda. It is also freer 
from carbonate of lime, oxide of iron, and chloride of lime than 
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is the Cheshire salt. In the Government returns the salt ob- ' 
tained from near Weston, in Staffordshire, is combined with 
that of Worcestershire. The combined production of white 
salt from the two coimties, at Shirleywich, Stoke Prior, and 
Droitwich, was in the year 1881 135,750 ions. Seventy years 
ago the annual production was 16,000 tons, of which the prin- 
cipal part was consumed in England. This production paid a 
tax of about ;£"32o,ooo. The market price of salt at that timfj 
was ^31 a ton, of which ;^30 was duty.' ^M 

Although not of importance commercially, it may be inter- 
esting to note that at Ashby wolds, in the Ashby de la Zouch 
coal-field, or Leicestershire coal-field, a century ago there were 
salt springs at a depth of 225 yards from the surface, which 
contained from 5 to 6 per cent, of salt. Higher up in the 
series a spring less saiurated with brine flowed through the 
fissures of the coal with a hissing noise, supposed to be caused 
by the emission of hydrogen gas. Some attempts seem to 
have been made to utilise these brine springs, but they were 
abandoned, partly owing to the weakness of the brine and 
partly to the prejudicial operation of the salt-tax. 

North of England. — Formerly salt was produced on an 
extensive scale about the mouth of the Tyne by the evaporation 
of sea-water. About two hundred years ago 200 pans were 
employed for this purpose. In addition to sea-water, brine 
springs were also to some extent used. At Long Benton 
ColHeiy, in Northumberland, the proprietors had early in the 
present century the exclusive privilege of extracting soda from 
salt springs in the Coal-measures without paying the usual duty. 
The principal salt works were grouped about and in some cases 
gave names to, Howdon Pans, Hartley Pans, Jarrow, and North 
and South Shields. At the latter place reminiscences of the 
trade remam in the fact that the town is still divided into East 
Pan and West Pan wards. Other evidences of the extent of 
the trade remain in the large hills formed of the ash of the 
salt-pans. 

' 'Horner Btine Springs at Droitwich.* — Traiuaeliiml, t 
Society, vol. ii., p. 99. 
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The production of salt from these sources gradually gave 
place to the use of salt obiained from Cheshire and Ireland. 
Sea-water is, however, still largely used to difsolve the rock 
salt derived from those sources. From 90,000 to 100,000 tons 
of white salt are decomposed annually on the Tyne in 74,000 
to So.ooo tons of sulphuric acid, the result being frorei 100,000 
to I ic,ooo tons of sulphate of soda. 

At the present time there is every prospect of the region 
south of the Tyue becoming a great salt-producing district. 
In the year 1864 it was announced that a bed of rock salt 
had been discovered near Middlesborough. This discovery 
resulted from a shaft and boring begun on July 4, 1859, by 
Messrs. Bolckow and Vaughan, for the purpose of securing 
a supply of water for their works. As this discovery will 
probably be of great importance to the trade of the district, it 
will not be out of place to place on record here the details of 
the strata passed through in this shaft and bore-hole. At the 
present time it is said that arrangements are being made by 
the firm named to work the salt deposit. 

Particulars of strata sunk and bored through at Middles- 
borough -on -Tees by Messrs. Bolckow and Vaughan. The 
sinking was commenced on July 4, 1859. 






Made groan d 

Diy slime 01 river mi'd 

.Sand containing water 

Hard clay (drv) . 

Red sjnd wiiti n liule waler 

Loamy sand with d lilile water 

Hard clay (dr) ) . 

Rock mixed with clay and waler 

Rock Diiied with clay (diy) 

Rack mixed with gypsum (drv) 

Gypaum with water , 

Red sandstone with email vein 



Gypsum rock (dry) 
Brown shale with wa 
Red sandstone 
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'Brought forward . . . : 
Red iandMone,wiih veins of gypsum add Water 

Bluish rock 

Red sandsloDe with water .... 

Bottom of kbaft . . . x 

Red sandstone 7 

Red and white sandstone .... 

Red sand<^Ione 3 

Ditto, with clay 

Red sandstone 

Diilo, and day 

Red sandstone I 

J Red sandstone and clay .... 

Red sandstone with a vein of blue rock 

Red and hlue sandstone . . , , ' 

Ditto, with thin veins of gypsum . . . 1 

Ditto, ditto 

Red laodslone, blue clay, and g; psum 

Ditto, with veios of gypsum . . . . i 

WMte stone' '.'.'.'.'.'.■ 

Limestone 

Blue rock 1 

Blue clay 

Hard blue and led rock . . . , 1 

While stone 

Dark red lock 1 

Dark red rock, rather sail .... 

Salt rock, rather dark 

Ditto, very duk 1 

Ditto, vety li^hl 1 

Ditto, rather dark 

Diilo, veiT light 

Ditto, rather light 

Conglomerate, limestone, and sandstone, 
with much salt 



It will of course depend upon the extent of these i 
deposits whether they can be profitablv worked, but the tbid 
ness is so great (hat the probability is the beds extend c 
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a large area. Then while some of the beds, as in Cheshire, 
may not be pure enough for profitable working, there will be 
thicknesses that may be advantageously mined as in Cheshire 
and at Wieliezka, as described in the next chapter. An 
analysis of a sample of the rock salt gave the following 
residts : — 

^Pabe sample was probably one of the lighter varieties. 

^ Following the success attending Messrs. Bolckow and 
Vaughan's exploration, Messrs. Bell Brothers have had a small 
shaft, 16 inches diameter, put dawn by the Diamond Rock 
Boring Company near to the works at Fort Clarence. This 
shaft or borehole is i,Joo feet in depth, and it has pierced beds 
of rock salt So feet in thickness, which thus proves the con- 
tinuity of the salt deposits over some extent of area. It is 
inlendeil to let fresh water down this shaft and to pump it up 
as brine. 

Ireland. — Rock salt and salt made from brine have been 
produced near Catrickfergus for near a century past. The 
production of rock salt in the year 1881 was 31,730 tons, and 
of white salt, estimated, 64,000 tons. About a century ago a 
trial pit was sunk near an old hole on the west side of the 
Eden, near Carrie kfergus, which from lime immemorial had 
been known as the salt hole, but the result was not satisfactory 
and the shaft was filled up. Subsequently it was noticed that 
brine oozed out through the filling. A trial was then made by 
Mr. M. R. Dalway, who discovered a little brine in or near a 
hard bed in the sandstone about eight yards from the surface. 
Mr. Dalway then sunk a pit to the east, on the dip of the 
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Strata, This shaft was taken down about 177 yards, 
reached the hard bed just referred to and a little brine was 
obtained, but not enough for profitable working. Mr. Dalway 
also sunk another shaft to a depth of about 23,1 yards, with a 
boiitig below for 17 yards, all in marl, without finding brine. 
This was about a quarter of a mile from the present salt-pits 
at Duneme. In the year 1851 rock salt was discovered at 
Dunenie to the east of Mr. Dalway's explorations. As at Mar- 
bury Lane in Cheshire, so here the discovery was made in a 
tiial shaft on the Marquis of Downshire's estate, being sunk in 
the hope of finding coal. Following this discovery other 
shafts were sunk, and the rock salt has been worked ever 
since. 

The following is a general section of the strata at Dun- 



Soil O I 6 

Brown drift with bouldersof chalk, limestune, flint, &c. . 30 t 6 
BrowD, and a litUe blue murl, witli gypsum . . . 124 o □ 

M5 O 

Rock sail S o o 

BiDwn murl and maiklone 100 

Rock Ball 3100 

Brown marl and maristone 010 

Rock Ball IS o o 

Tolal depth ftom surface .... 298 I o 

This is Mr, Dalway's mine, whose spirited trials were at 
last rewarded with success, and it is the deepest salt-mJne in 
the British Islands. In this mine about 40 feet thickness of 
rock salt is worked. Pillars 14 yards by 11 at the bottom 
and la yards by 10 at the lop, are left standing at intervals of 
25 yards square apart. At the Belfast Mining Company's mine, 
in the same neighbourhood, ] o yards of rock salt arc worked, 
and the pillars are 16 yards by 12 at the bottom, and ii yards 
by 8 at the top, and the san:ie distance apart It has been 
found from experience that with pillars of less strength or 
frequency' the workings crush in- 
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CHAPTER V. 

CHLORIDE OF SODIUM— cenlinuid. 

Deposit! of France, of Swilzetland, aX Sp^iin — The Soil Mines of 
Cudona, od the Ebro, near Burgos — The Sei Sail Gardens of the 
South-wesi Coast— Analyses of Sea Watei—Salt Deposits of Italy, of 
Germany, MecltlenbutE-Sehwerin, Hanovei, Anhalt, Wuttembu>g, 
Bavaria— Salt Deposits of Austria, Saliburg, Wielieika—Dcscriplioii 
ol the latter Mine— The Sea Salt Gardens of Ittrin and Dal Inatia— Salt 
Mines of Roumania, of Russia, Solikamsk, Tchapatchi, Orenburg- 
Sail Lake in the Crimea — Salt Deposits of Africa, of Asia, Caspian 
Sea, Palestine — Chemica) Composition of the Water of the Dead Sea 
—The Salt Deposits of Persia, of India— Bahadur Khfil— Table of 
Straw- Ko hat— Salt Range— North America—" Licks " of Michigan 
—Petit Anse Island. Louisiana-Nevada— S^lt Lake of-Dr. Chna, 
Darwin's Description of a Saline in Patagonia — Inferences and Con- 



In France, brine springs occur lei several places — al Salies, 
south of Toulouse, at Saienars and Montmoral, in the Jura, 
.ind neat St. Maurice. At Arbonne, in Savoy, at an elevation 
of 7,200 feet above the sea, in the region of perpetual snow, 
are masses of saccharoid gypsum which are imbued with chlo- 
ride of sodium, and which become light and porous when the 
salt has been removed by water. In SwitzekljVND, extensive 
beds of rock salt associated with gypsum occur in the upper 
marls of the Trias, or at the base of the Lias, near Bex. 

Spain. — In this country there are extensive salt deposits, 
and salt is manufactured from sea-water to a considerable extent. 
Of the former perhaps the most important is that of Cardona. 
in the province of Catalonia, in the north-east of Spain. 

The district consists of an elevated plain or plateau, through 
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which a valley is excavated, along which runs the river Car^ 
dona. Along the sides of this valley, and especially near the 
town of Cardona, are clifFs of red salt, the town of Cardona 
itself standing on what has been termed a mountain of salt. 
The soil of the district is about six inches thick, and it is 
impregnated with salt, on which vineyards flourish luxuriantly. 
The workings in the rock sah are in the hill on which the town 
stands, and in the clilfs in the immediate neighbourhood, for 
about a mite and a half up and down the valley. The place 
where the industry centres is an oval valley about a mile and a 
half long by half a mile wide, extending from the castle of Car- 
dona to a promontory of red salt at the other end of the oval. 
The salt rock in this promonlory is 663 feet high and 110 feet 
wide at its base. The iio feel represents the thickness of the 
bed, the beds being probably highly tilted, and the 663 feet a 
portion of its extent. So tar the workings do not appear to 
have descended below the bottom of the valley. A rivulet finds 
its way underground throughout the salt rock, and issues out 
so strongly charged with salt that in time of floods, when it 
enters the river Cardona, it kills the fish. 

The colour of rocks of the district, as well as of the salt, is 
red, and the strata abound with crevices and chasms in which 
cluster stalactites of salt like bunches of grapes. As the sun 
rises over this scene the effect is described as very beautiful, 
the mountain of Cardona sparkling as with thousands of 
precious gems. 

As elsewhere, accurate examination shows that the salt 
deposits occur as large irregular masses in marls and sandstones 
which themselves are more or less impregnated with salt, 

An extensive deposit also occurs between Caparosa and 
the Ebro; a bed of rock sah 5 feet thick inters tratitied be- 
tween gypsum and limestone at Valhirra. Another deposit, at 
Fosa, near Burgos, is said to present indications of volcanic 
origin, being associated with pumice-stone, and occurring in ot 
near the supposed crater of an ancient volcano. 

Notwithstanding these extensive natural salt deposits, the 
roads and other means of communication have been so defec- 
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tive in Spain that the inhabilants of a considerable tract along 
the south-west coast cultivate what may be called salt gardens. 
The sea with each tide is let into a series of ponds, which are 
constructed for the purpose, in a clayey soil, 10 a depth of from 
2 feet to 6 feet. In the first pond a subsidence of mud lakes 
place; the water is then conducted by a long channel to a 
second pond, where a further subsidence of mud occurs. Then 
by a series of channels the water is led through a series of 
shallow pits, like the seltling-pits at a lead mine, only not so 
deep, in which the salt crj'slallises, and from which the clear 
water flows oft to the sea. 

With this reference to the production of salt from sea-water 
it will be interesting to notice the result of three analyses 
of the same, which were as follows to 1,000 parts : — 



Chloride of sodium 

,, magncsiam 

„ porasKium 
Sulphate of lime . 

Carbonale of lime and magnesia 



3" 87 



39« 



»9-33 



I In addition to the foregoing there were 6'a per cent, of 
carbonic acid, with traces of manganese, iron, phosphate of 
lime, silica, the bromides and iodides of the metals, some 
organic matter, and ammonia. 

In Italy the volcanic mountain of Cologero, near Sciacca, 
in Sicily, contains a considerable amount of rock salt imbedded 
in its layers. 

Germany. — Very extensive salt deposits occur in the North 
of Germany, extending from near Hamburg on the west, through 
the Grand Duchy of Mecklenburg-Scbwerin towards Stettin on 
the east, and extending to Hanover and to Magdeburg and 
Stassfurth on the souih. The mines at the latter place are 
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said to yield a royalty of 400,00a ihalers yearly to the Prussian 
Government, and lo tlie government of Anhalt 250,000 thalers. 
The most active operations hitherto have been in the southern 
half of the area described, but important explorations and dis- 
coveries have during recent years been made along the northern 
portion of the area. Near Jessemtz, about 65 miles from 
Hamburg, a boring put down by order of the Mecklenburg 
Government pr6ved saline and gypslferous strata, containing 
also potash and other salts, to a thickness of nearly aoo feel. 
Another boring put down at Lubtheen, near Hagenow, to a 
depth of 1,496 feet, had at the bottom a thickness of salt of 
426 feet. Southwards, at Minden, in Prussia, near Hanover, 
a boring was started in the Lias, and having passed through 
the Upper Keuper marls reached the Muschelkalk at a depth 
of 2,515 feet. From this depth, which, as we have seen, lies at 
or rather below the ordinary base of the salt deposit, 84 cubic 
feet of liquid, containing 4 per cent of chloride of sodium, 
issued from the boring per minute. 

In Wiinemburg, in the south of Germany, sail deposits com- 
mence at Hall, and are continued south-east through Bavaria 
to Halsladt, Ischel, and Ebensel in Austria. In Wiirlemburg 
these deposits have been long worked near Wimpfen. 

A large proportion of salt produced in Germany is obtained 
from brine springs, and from brine welis by means of pumping. 

In some of these, as at Wimpfen, the natural flow or yield 
of the brine is supplemented by artificial means. A ho_le is lei 
down to the sail-bed, in which a pump is fixed, but space is 
left around ihe pump down which fresh waler is sent. This 
becomes impregnated wiih salt, and is pumped up brine. The 
brine derived from this source contains an average of ay'oo 
of chloride of sodium. 

Besides chloride of sodium, which in the natural springs 
ranges from o'!55 lo 9613. there are in the liquids varying 
small proportions of other minerals, including the chlorides of 
potassium, magnesium, and calcium, the carbonates of lime, 
magnesia, soda, and manganese, and the sulphates of potash, 
, soda, and magnesia. The artificial wells which have 
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been sunk to (he salt beds are usually stronger in chloride of 
sodium than are the waters of the natural springs, klanj of 
the latter are too dilute for profitable evaporation by attificul 
means. At Salzhausen it takes the eraporation of 339 cabic 
feet of bnnc to produce 1 cwl of salt, and at Scbonebeck 
19,000.000 cubic feet of brine aie required to prodace the 
annual )'icld of 28,000 ions of sail. In the case of weak brines 
therefore the greater proportion of the liquid is first removed 
by gradual evaporation in the open air, so as to bring the solu- 
tion up to a sufficient strength for pro6lable working by 
artificial evaporation. 

Austria. — Salt is produced in the Austrian Empire both 
by mining and by the evaporation of sea-water. Both indus- 
tries are monopolized by the Government, and the profits ate 
creJiied to the revenue. The average production of salt in 
the empire may be taken as rock sail 554,000 centners, refined 
salt 1,500,000, sea-salt 330,000, and salt for tnanu&ciuring 
purposes 14,000. 

Of the mines the principal ones are those of the Salzberg 
in the south-west, and of Wieliezka, near Cracow, in the north 
of the empire. 

The deposits of the Salzberg seem to be a continuation of 
or closely related to those of Wiirtemburg, in Germany. One 
of the most ancient and extensive of the mines is situated 
about S miles north of the town of Hall, in the Austrian Tyiol, 
and on the left bank of the river Inn, below Innsbriick. It 
lies on red sandstone, marls, and rocks, and at an elevation of 
6,300 feet above the sea. There are records extant which 
show that there were salt-works in operation here early in the 
eighth century. In all probability these depended upon a salt 
spring which rises at the foot of the mountain. In the year 
1275, so the story goes, Niklas von Rohrbach, der frommer 
Ritler, or pious knight, frequently noticed on his hunting 
expeditions that the cattle loved to lick certain cliffs of the 
valley. This led him to taste the flavour of the rock for himself, 
'and finding it rich in salt, he followed up the track until he 
Iicame to the Salzberg itself, where he inferred from his observa^ 
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lions there was an immense supply of salt. Since that tim^ 
the salt has been worked, first by hewing and later by blasting. 
Vast chambers, some of which are an acre in extent, have been 
excavated in the rock, which have been subsequently closed 
up and filled with water. At the end of a year or so the water 
becomes impregnated to about one-third its weight with salt, 
and it is led oS by means of conduits to Hall, where it i^_ 
evaporated. The process of excavation is repeated ■ 
necessary. 

These salt-beds are continued on to Slyria on the noi 
east, where they are also to some extent worked. 

The other great salt mine of Austria is the famous ona 
Wieliezka, near Cracow, in Galicia. This mine has been worq 
since the year 1251, and it has still vast reserves of the n 
Fig. 9 shows a general section of the strata of this mii 
the similarity of the rocks to those in which the great a 
deposits of England lie will be at once recognised. The a 
occurs in large lenticular and irregular shaped masses, in 
marl rock. These masses are for the most part very pure. 
the rock itself there are numerous impressions of vegeta 
remains, especially in the upper portion overlying the ! 
deposits. The fig. 9 shows liow the deposits are worked 
first bj a shaft sunk dowD to the top of the deposits, and tl 
by a series of slanting tunnels which cut through the I 
masses. At these pomts of intersection the latter are excavad 
leaving vast chambers, from whose rools sialactiles 
glisten when the mine is lighted up, and in the sunken floor^ 
the chambers, where ihe salt mass has been followed dowi _ 
there are lakes across which the exploring iravellec is ferried in 
boats. 

The daily wages of the workmen employed in this mine iifl 
about as., varying somewhat according to the skill and ] 
tion of the workman. There are also, in addition, grants Q 
firewood and salt. The mine has been worked to a depth ( 
over 400 yards. An American traveller gives the foUowJ 
popular account of a visit he made to this mine some y«i 
aga 




WIELIEEKA SALT MINE. 

' A long winding stair of several hundred steps, neally 
covered with boards, led to the first story. Long alleys con- 
ihicted to (he chan)l)ert<, which, iu the course of six ceaturies, 
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have been excavated in the solid salt. These chambers are 
well proportioned, and present an appearance of cleanliness 
■nd neatness which at once reconciles the visitor. No 
liblimidity, no closeness, no chilling draughts, but a dry, airy, 
tfti varying temperfLture pervades these subleiraneaD caverns. 
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The halls up on the first floor have been named after t 
various monarchs of Poland and Austria, and are decorat 
with their statues or the monuments erected to their niemol 
Another chamber is called the chapel of St. Cunegunda, and a 
the day of her festival high mass is celebrated in the presence^ 
the miners. The largest of the chambers was the concert hall d 
the theatre. There were the orchestra, saloons, galleries, i 
from the arched roof above hung a chandelier of salt. 
of [he guides ascended to the uppermost tier, and waving tlw 
blazing brooms illumined the gloom above and around thei 
The light falling upon the crystal walls, and the grim shadoi 
trembling and struggling upon the brink of the darkness which 
reached far beyond Into the deep gulf, was marvellously beauti- 
ful. Again descending we reached the second story, and 
threading the long passages arrived at the borders of a lake 
where a boat and torchbearers awaited us. 

' We landed upon the opposite side of the lake, and 
descended to a chamber immediately beneath ; but we were 
already 600 feet below the surface and thought this quite 
sufficient. The whole mass above was supported by arches 
and pillars of salt, as solid and hard as adamant. Some of the 
latter have been cut away and immense beams of wood sub- 
■ slituted in their place. There are no clefts or gaps in the 
length or breadth of this spacious vault. All is solid and 
secure, and the idea of accident or damage never occurs to the 
observer. The rock in its general appearance, and in a doubt- 
ful hght, resembles our gray granite, except that it has more 
brilliancy — that kind of brilliancy imparted lo the texture of 
ordinary quarries containing crystallised quartz. Where the 
water has filtered, crystallisations appear in the forms of cubes 
and prisms, and where these are seen with the aid of a numbw 
of torches, the effect is very beautiful.' 

In Istria and Dalmatia, along the east coast of the gulf of 
Venice and the Adriatic Sea, are important saltworks at which 
the salt is evafxiraied from sea - water in much the same 
manner as that practised on the south-went coast of Spain. 
In this industry 4,400 persons are employed, including ; 




nand 1,450 chililren, and the production of salt from tliis 
source averages, as we have seen, 320,000 tons a year. 

Passing eastwards, into the newly formed kingiiora of 
RouMANiA, we find five salt mines at work, two of which are 
penal and are worked by convicts. One of these. Telega, 
half-way between Pioresti and Sinaia, is descended by a series 
of staircases to a depth of about 1 10 feet, the depth it has now 
reached. 

Russia. — This empire produces about 400,000 tons of salt 
annually. The Government levy a tan of aj. S</. per cwt. 
upon the article, which amounts to about 12,000,000 roubles 
a year. This tax is about to be reduced, if the reduction has 
not already taken place, to is. Zd. per cwt. The principal salt 
works of Russia are at Solikamsk, on the east side of the 
Ural Mountains, just on the borders of Russia in Europe, and 
on the same parallel of latitude as St. Petersburg. Solikamsk 
is in the kingdom of Perm, which has given its name to our 
Permian strata; these strata, with the overlying New Red Sand- 
stone and marls, being largely developed there. The produc- 
tion of refined salt at Solikamsk is about 70,000,000 lbs. 
annually, valued at one halfpenny per pound. The brine is 
pumped by steam-engines from a depth of from 100 to 150 
feci. It is boiled for six hours and left to settle for another 
fourteen, after which the salt is removed in wooden trays, on 
which it is left to dry. 

Of the 148 salt-works in Russia deriving salt in a similar 
manner from brine springs, about half are in the Government 
of Perm, Some of these now in active work have existed since 
the fifteenth century. 

An inferior salt, worth only u. Zd. to 2s. per cwt., is 
obtained in 3 similar manner in the Government of Archangel. 

In the Yenoiayef district of the Government of Asirachan 
is the hill Tchapatchi, which is described as being a mountain 
of rock salt, and from this source a large supply of superior 
salt is obtained. There are other similar hills more or less 
made up of salt rock masses in the same district, as well as 
I lakes in which salt is precipitated. Rock salt beds 
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also crop out anil are worked near Fletskaj'a, Faltcliita 
borders of the Kirghese Steppes east of Orenburg; and in 
Siberia there are four imperial salt works, which are worked by 
convicts. On the northern side of the range of the Caucasus 
there are salt springs ; indeed these abound in south-eastern 
Russia. The water of a fake near Sympheropol, in the Crimea, 
is found to contain chloride of sodium i6'ii, sulphate of soda 
i'444, chloride of magnesium 7-55, chloride of calcium 0-176, 
and sulphate of potash o'7453. 

Aprica, — Before passing into Asia we may just notice that 
salt occurs largely throughout the continent of Africa. In 
Tripoli there are extensive lagoons near Bengazi which yield 
about 200,000 tons of fine salt yeariy. The salt rock of 
Tegara, and those of Had Delia, in Timis, are also worked. 
The mineral occurs in the mountains west of Cairo, and bound- 
ing the north of Libya it extends to a great distance. It is 
also found in solid masses south of Abyssinia, Salt lakes 
occur to the east of the Cape of Good Hope, which contain 
at their bottom thick beds of rock salt variously coloured with 
extraneous matters. Along the coast in the same neighbour- 
hood salt is obtained from sea-water in the way already 
described. 

Asia. — Reference has already been made to the salt mines 
of Siberia. In portions of the same country on the coast sea- 
water is subjected to the action of frost, which separates the 
clear water into ice, leaving a residuum of strongly saline 
liquid. Salt lakes occur oo the borders of the Caspian Sea, 
which are interesting from their resemblance to others in 
South America, and as throwing light upon some conditions 
under which our great Triassic salt deposits were formed. 
These lakes occupy shallow depressions in the land. The 
mud on their borders is everywhere black and tcetid. Beneath 
the crust of sea-salt sulphate of magnesia occurs imperfectly 
crystallised ; the muddy sand is mixed with small strings and 
masses of gypsum. These lakes are also inhabited by small 
crustaceans. 

In Palestine red rocks containing saline, gypsiferous, 
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aalter underlie the Juiassic limestones and sitata 
that cover a large portion of the country and continue south- 
wards into Arabia. Hence it is that the streams running into 
the river Jordan from the Sea of Tiberias southwards come 
charged with these various substances, and all flowing into the 
Dead Sea, which is also bounded by rocks of a similar 
nature, contribute to the peculiar chemical composition of the 
waters of that lake. The water of the Dead Sea contains 
6'57S of chloride of sodium and io'543 of chloride of 
magnesium. 

Passing to the south-east we find a considerable salt 
mining industry carried on in the hills bounding the Persian 
shore of the Persian Gulf, near its entrance into the Indian 
Ocean. The salt rocts crop out on the sides of the hills. They 
occur in layers about 4 feet thick, with intervening strata of 
earthy matter. The general appearance of the rocks is of a 
reddish colour, and they vary from marl to hard sandstone. 
There is a good deal of ochre associated with the sah deposits, 
generally lying above them ; so much so that its presence is 
taken as an indication that salt will be found below. 

Thechief places of the industry are Kishm Island, Hormuz, 
Larak, Pohal, Jabel, Bostana, and Hameran. The salt usually 
occurs in reddish hard granular masses, occasionally in pure 
white masses. In secondary forms it occurs in stalactitic 
and sacchai'oid masses, and in translucent and transparent 
masses of a cubical form. The red salt is used by the natives 
for sailing fish in connection with the extensive fishery that 
is carried on along the coast. The finer qualities arc sent in 
native boats to Muscat, whence the salt is exported to 
Mauritius, Zanzibar, fiatavia, and Bengal. The salt rock is 
quarried by means of powder, and it is afterwards broken by 
means of wooden and iron mallets. The result of the excava- 
tions is the formation of large caverns. At the western end of 
the district is a beautiful natural cavern formed by the dissolv- 
ing of the salt out of the rock by the passage of a stream 
through an original crack or crevice. In the salt springs, which 
are numerous, sulphurous gases abound, and also crystals of 
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pure sulphur. In some warm springs near the village cii 
Salakh, the water, besiiJes being charged with salt, yieliis 
naphtha ol a reddish colour, which 

= is highly combustible and burns 

I with a thick smoke, the natives 

K using it for light. The cost of 

" mining the salt is given at 4s. iii. 

per 3,600 lbs., and the price of it at 
g the sea-side al 18s. to 33s. for the 
J same amount. The whole group of 
° the strata enclosing the salt are 
■i considered to be of middle if not 
^ Z more recent Tertiary age. 
^ii India. — On the west-north- west 
q| side of the Punjab, on both sides of 
"Zl the river Indus south of Peshawar, 
_^« are very important and interesting 
,..1" salt deposits, the more so since they 

jB^H! 5 SH are so near the sail range on the east 

t iI^UB» ^ ='^ side of the Indus, which appears to 

^1 ffiSSSoSB I ^ a be of Silurian if not an older age, 

^^ and that on the west side of Triassic 

-.1 or Tertiary age. Of the two, that 

ii west of the Indus is of the greatest 

S commercial importance.' It com- 

' prises an area of 1,000 square miles 

1 of country, stretching from outside 
;? the British boundary in Afghanistan 
^ to near the river Indus, and lying 
■5 between Bannu and Kohat, but 
« nearer the former place. There are 
" four long and sharp and narrow 

ranges of hills stretching nearly due east and west ; these are 
steep and rocky. The whole country presents a wild, barren 

' ^tt Mtmoirs of Ihe Cialiigi<al Surrey of India, vol. xi. 'The Trans- 
Indus Sail Recitjii,' by A. B. Wjnne. With an Appendix on the -Kohit 
Mines or gasnics,' by H. Warth. 
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appearance, with greenish- coloured soil and rocks, varied by 
bright purple colours and blood-reil zones of clay, the white o( 
the adjacent gypsum bands broken by pale orange -coloured or . 
yellowish debris. 

The general descending order of the rocks of this region is 
given by Mr. Wynne as follows : — 
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Although the rock salt is in this section grouped with 
Eocene strata, some diversity of opinion seems to exist as to its 
exact age. Supposing the intervening strata to be absent, it 
might still be of Triassic age. Still, although the strata of ihe 
district are much contorted, there does not appear to be any 
unconformity between the undoubted Eocene rocks above and 
the gypsiferous and saliferous strata below. Fig. lo illustrates 
~ ilie succession and contortion of the strata. 

Owing 10 this contorted and dislocated condition of the 
Srata, the salt rocks are thrown up to the surface, in some 
s forming hills and cliffs loo feet high. The most notable 

mple of this is in the vicinity of Bahadur Khd, where it 
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forms, for the length of a quarter of a mile, high detached c 
on each side of a small stream valley, forming perhaps the 
largest exposure of rock salt in the world. Fig. ii, adapted 
from a beautiful lithograph accompanying the memoir re- 
ferred to, will give an idea of the appearance of these hills of 
salt. 

In this neighbourhood the salt is very pure. It is of a 
whitish or gray colour, its texture varying from a highly crys- 
talline mass, the most prevalent form, to a somewhat earthy 
salt intermingled with blue or grayish finely divided clay. 
Rarely, minute fragments of gypsum project from the weathered 
surface of the rock. 

The earthy impurities are most common in the western 
part of the district, where the largest exposures of salt occur, 
but even here only a few subordinate bands are unfit for work- 
ing. There is an absence from the salt of potassa and other 
sails which elsewhere are frequently associated with the salt 
deposits. The deposits differ from those of Persia already 
described in that the latter overlie the nummulitic formation, 
and from those of the salt range 60 to 100 miles to the east of 
the Indus in that it forms one solid mass from top to bottom, 
with few exceptions, and also in its colour, nothing like the 
red or pink salt of the Salt Range being observable in the 
Kohat district. There Is also a difference in age, Silurian 
rock overlying the salt deposits of the Salt Range. 

An analysis of clean salt from the mass at Bahadur Khdi 
gave the following results ; — 

Chtorinc 59'5* 

Sulphuric acid 1-5 

Lime i-o6 

SoJium 37-« 

Insoluble -45 



The salt rock is obtained by quarrying with the oni 
nary tools and blasting-powders. The ordinary method is 9 
follows. The top soil or debris is removed from j 
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central portion of the area intended to be worked, then thtf 
salt rock is attacked and removed, the excavation widening 
downwards as wide and deep as it may safely be taken. Then 
a fresh ring-Hke space is cleared around the central opening, 
the latter being filled with the diJbris removed, and the rock 
is again removed; the operation being repeated, the ring-like 
circumference of quarry extending with each operation, and 
the central boss or cone of debris increasing correspondingly. 
The deposits belong to the British Government, who charge a 
tax or royalty upon the salt removed. 

In tlie Salt Range east of the Indus the salt rock is obtained 
by ordinary underground mining. Salt deposits in springs of 
lesser magnitude and importance extend north-eastwards into 
Thibet. 

America, North. — A chain of mountains extends along 
the west bank of the river Missouri for a length of So miles, 
by 45 in breadth, and of considerable height. These moun- 
tains consist largely of rock salt. The same formation extends 
into Kentucky, where the deposits are called " licks," because 
of the licking of the rocks and soil by the herds of wild cattle 
that once roamed there. In Michigan, in the year i88i, Mr. 
Crocket McElvoy, of Marine City, sank a well in the neigh- 
bourhood to a depth of 1,633 feet, when a deposit of rock salt 
was entered and penetrated to a depth of 1,633 feet without 
the tools passing through it. The deposit seems to increase 
in thickness, but it is reached at an increasing depth as it trends 
in a south-westerly direction by Inverhuron, Kincardine, and 
Warwick. The brine is described as pure and strong. An 
exlraprdinary superficial deposit of rock salt is described as 
occurring in Petit Arise Island, parish of Calcacren, Louisiana, 
The island is about two miles in diameter, and the salt deposit 
on it is known to extend under 165 acres. It is covered with 
16 feet of soil. It has been proved to a depth of 80 feet. 
The salt occurs in solid masses of pure crystals, and it is taken 
out by blasting. The saltness of Salt River, in Arizona, is due 
to a considerable stream that, above the junction of the river 
with the Gila, flows into it from the side of a large mountain. 
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The bulk of the manuf.iciiired salt of North America is 
obtained from brine springs. Valuable and productive springs 
are worked in the Syracuse and Salina districts and in Ohio. 
Some of these arise from a red sandstone whose geological 
place is said to be below the Coal-measures. There are also 
the salt lakes of North America, the Great Salt Lake, which 
has an area of 3,000 square miles and is situated at an eleva- 
tion of 4,200 feet above the sea. The waters of this lake are 
described as being a solution of almost pure chloride of 

Rock salt has been recently discovered in Nevada. There 
are the outcrops of nine beds or ledges, the thicknesses of 
which range from 30 to 300 feet. The southern termination 
of these deposits is about 7 miles from the uppermost limit to 
the navigation of the Colorado River. Some of the specimens 
are sufficiently pure and transparent as to admit of small print 
being read through them. In the same Slate there is an inter- 
esting salt lake, the water of which contains about two pounds 
of salt and soda to every gallon. It is several hundred feet 
deep. Soda and salt have been obtained from this lake for 
several years by natural evaporation. The water is pumped 
into tanks at the beginning of the summer season. It is left 
in these tanks during the warm summer months, until the frost 
sets in. When the first frost comes the soda is precipitated in 
, crj-sta!s. The water is then drained off into a large pond, 
where slow evaporation goes on, and a deposit of common salt 
is obtained. Some beautiful specimens of Gay- Lus site, a com- 
pound of the carbonates of lime and soda, and named after the 
distinguished French chemist Gay-Lussac, are obtained from 
this lake; the only other locality where they are found being 
the Lake Maracaibo, in South America. Both in the West 
Indies and in South America salt deposits and lakes occur. 
In St. Domingo, about 1 5 miles from the harbour of Uarabona, 
and between that harbour and the great salt lake of Emiquilla, 
an important salt deposit occurs. The saline character of the 
country between the Andes and the Pacific is well known, 
and important salines occur in Brazil. Perhaps the following 
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ikscriplign given by ihe late Dr. Charles Darwin, when he ■ 
was a young man, and attached to the ship Beadle as a 
naturalist, of the large salt lake or salina 15 miles from the 
town of El Carmen, in Patagonia, on the south-east coast of 
South America, latitude 41°, will form a fitting conclusion to 
the foregoing description of the salt deposits of the world. 

' During the wbter it consists of a shallow lake of brine, 
which in summer is converted into a field of snow-white salt. 
The layer near the margin is from 4 to 5 inches thick, but 
towards the centre its thickness increases. The lake is 2^ 
miles long and t broad. Others occur in the neighbourhood 
many times larger and with a floor of salt a or 3 feet in thick- 
ness, even when under water during winter. A large quantity 
of salt is annually drawn from the salina, and great piles some 
hundred tons in weight were lying ready for exportation. It 
is singular that the salt, although so well crystallised, does not 
answer so well for preserving meat as sea-salt from the Cape de 
Verde Islands. The season for working the salina forms the 
harvest, as on it the prosperity of the place depends. Nearly 
the whole population encamp on the banks of the river, and 
the people are employed in drau-ing out the salt in bullock 
waggons. The border of the lake is formed of mud, and in 
this are numerous large crystals of gypsum 3 inches long, while 
on the surface crystals of magnesia lie about. Worms crawl 
among the crystals, and flamingoes prey upon them,' The 
lakes lie in depressions in the grand calcero- argillaceous for- 
mation which extends over the Pampas from latitude ao to 50 
south, or in the driflal deposits which he upon it. 

From the foregoing particulars it will be seen that salt 
deposits occur in strata of all ages, from the Silurian (salt 
occurring also in older rocks still in a disseminated form) to 
those now forming. It will also be seen how the conditions 
under which it has been deposited and also its associated mine- 
rals — other combinations of soda, gypsum, magnesia, with oxide 
of iron as a colouring matter — have been the same through all 
time. The artificial salt lakes of warm climates and the phe- 
nomena of salt lakes in the steppes of south-east Europe and. 1 
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nonh-wesi Asia, and in North and South America, indicate lo 
us the ways in which the older salt deposits were accumulated — 
the thinner seams in shallow lakes, and the thick deposits in deep 
inland seas and lakes like those of the Caspian and Dead Seas 
and the deep salt lakes of America. We also see in the 
description given by Dr, Darwin of the separation of the 
different minerals in the lakes of Patagonia how the mud 
settles around the shores, how the disseminated sulphate of 
lime and sulphate of magnesia gather themselves together in 
separate masses and crj-stals, and how in the deeper and 
stiller portions of the water the chloride of sodium is deposited 
in a mass with but comparatively little admixture of foreign 
substances. The same operations go on in arms of the Cas- 
pian Sea and in the lakes adjacent. The results of these 
operations are very similar to the conditions observed in every 
salt-mine, masses, strings, and crystals of gypsum, other salts 
of soda and of potash lying usually, as in Germany, upon the 
salt deposits themselves, and these deposits gathered together 
in great egg, onion, and thick lense-like masses in the midst 
of the surrounding strata. Whatever other causes, therefore, 
may have been at work in the past, according to geological 
age and local surroundings, yielding at limes other minerals 
besides those commonly associated with the salt masses, we 
have in phenomena now surrounding us an explication of the 
conditions under which and the means by which the sail 
I deposits of past tiraea were formed. 
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NITRATE OF SODA, BORAX, BARYTA. GYPSUM, 
SPAR, AND ALUM SHALE. 

Composition of Nitrate ot Soda— Occurrence in Gennan Salt Mines- 
Deposits of in Peru and Chili— The Desert of Alacama— Slatistics of 
Produclion — Boron — Botadc Acid — Composition of the Lagoons of 
Toscany- Borai— The Tincal Trade of Thibet— Borax in Nepao], in 
Iceland, and in Nevada — Barium — Baryta— Sulphate — Carbonate — 
Sulphate of B.iiyla in Snailbeach Lead Mine— The Wotherton Baryta 
Mine, Shropshire — Statistics of Produclion — Gypsum, iis Composilion 
and Varieties- Geological Poaition — Statistics ot Prodnclion — Fluor 
Spar in Derbyshire and in Devonshire — Native AJum—Alum Shale — 
Alum Industry on the Yorkshire Coast — Description of the Deposit. 

NITRATE OF SODA. ^ 

Nitrate of soda consists of nitric acid 63-5, and soda ^fi'S^ 
It ctystallises in a rhomboidal fonn, like carbonate of lime. It 
burns vividly with a yellow light and deliquesces, in which it 
differs from saltpetre (nitre). 

In most of the German and Austrian salt-mines, nitrate of 
soda occupies a position overlying ihe salt deposit, the upper 
portions of tlie beds differing in this respect from the lower. 
The great source, however, from whence it is derived, is the 
great desert of Atacama, South America, lying between 20^ 
and 27° S. lal., and forming part of the tenitories of Peru and 
Chih. 

This region is divided into four basins or sub-divisions. 
The eastern boundary of the whole is the great mountain chain 
of the Andes, and the basins are divided from each other by 
mountain ridges running roughly east and west from the Andes 
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to the sea. Starling from the north, the 6rsl basin is bounded 
on the north by the hills Caracoles, Atacama, and Naguayan. 
This basin communicates with the Pacific by the deep gorge 
of Negra, near Aiitojagasta. This is separated from the next 
region to the south by a range of hills and the peak of Cobre. 
This second basin is named Cachiyuyal, and towards the sea it 
oiwns out into the port of Taltal. It contains the most ex- 
tensive tracts of level ground to be found in Chili. The 
third basin is not so large, and it is bounded on the south by 
the hills that extend to the Cerro Negro and Carrizalillo. li 
consists more of a series of narrow valleys than of plains to any 
extent. The fourth basin consists of the dry bed of the Salado 
River and the undulating stretches of land that bound it The 
strike of the underlying strau of the whole region is roughly 
from north-east to south-west. The oldest rocks, consisting of 
granites, gneiss, slaty rocks, and limestone, rise up in the 
mountains to the east. Over these older rocks the newer 
deposits, consisting of gravel and sand, the waste of the ad- 
jacent rocks, are spread, and the characteristic feature of the 
whole region is its barrenness. 

The deposits of nitrate of soda are mainly scattered over 
the portion of this region lying between 24° and 26° 30' S. lat. 
They occur at a little distance from and along the course of 
ancient river beds. The deposits form layers about S to 10 
inches in thickness, and they usually underlie a bed of common 
salt. The richest portions occur near the margin of the de- 
posits. The existence of the mineral under the surface is 
indicated usually by numeroia'B^tural pits leading down to it. 
The production of nitrate of soda in the Peruvian portion of 
the region in 1S7 9 was stated at 55,000,000 pounds. It is esti- 
mated that the portion of the desert situated in Chilian territory 
contains enough of nitrate of soda to yield to,ooo,ooo pounds 
a year for a century to come. It is probable (hat, as similar 
conditions prevail, similar deposits will be found spread over 
the great salt desert of the Argentine Republic, 15° to 30' S. 
lai., 64° to 68° VV, long. 
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broivn ; occurs in compact, granular, fibrous, and colum 
masses ; is translucent lo transparent, with a vitreous lustrl 
It riecrepitates before the blow-pipe, and fuses with diflicula 

Carbonate of Barvta { lyU/ieritc). — Composition ; 
766, carbonic acid ij'4. H, = 3 to 375; specific gravf 
429 to 4'35. Crystallises in six-sided prisms with termill 
pyramids, and exists also in fibrous or granular masses, Ct 
white, yellowish, and grey, and a rather resinous lustre. 
crystals are usually while and transparent. 

Baryta occurs in the Llandeilo and Bala beds of the Low( 
or Cambfo -Silurian strata. It is found associated with leac 
ores. At ihe Snailbeach lead-mine, in Shropshire, it occurs in 
beautiful crystalline forms. It is, however, in the higher beds 
of these strata, where the lead fails, that baryta is most 
abundant. The Wolherlon mine, on the borders of Shropshire 
and Montgomeryshire, is one of the most productive baryta 
mines in Great Britain. Here the lode is from 3 to 30 feet wide. 
It crosses a band of hard rock of considerable thickness diago- 
nally from east to west, and it is in this hard rock that the lode 
is most productive. When it passes at each end ioio soft slate 
or shale, it becomes disorganised, and the baryta is in a more 
scattered form. In the productive portion the lode consists 
of great masses of pure white sulphate of baryta, mixed with 
others coloured yellow. Some very perfect cr)'stals occur in 
cavities in the masses, some of which are the more interesting 
because they show the method of their growth by accretion, 
in the layers coloured by diiferent metals. There are also fine 
crystals of carbonate of lime which are similarly coloured. 
There are also here and there spots and nests of the sulphides 
of copper and lead. This mine yielded 3,328 tons in the year 
i88r. Three mines in Northumberland and Durham yielded 
5,434 tons, including a considerable proportion of carbonate 
of baryta. One in Yorkshire, Raygil, gave 2,017 tons, and 
foriy-four in Derbyshire a total of 5,140 tons. The baryta 
from the four last-named counties came from the strata of the 
Carboniferous Limestone, in which it was also associated with 
lead-ores, where It Is found at a depth of from 70 to 100 feet 
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below the ordinary gypsum. In Great Britain and Ireland 
there were, in the year 1881, seventy-two mines, with a loial 
jiroduction of 21,313 tons. The sulphaie or baryta is ground 
for the manufacture of paint, and the carbonate, which is a 
poison, is used among other things for the destruction of rats. 

GYPSUM— SULPHATE OF LIME. 
We have already noticed carbonate of lime as constituting 
the btilk of limestone rocks, but another form, sulphate of lime, 
occurs abundantly in nature. The general composition of 
gypsum is, hme 33-6, sulphuric add 46-5, waier »o'9. H. ^ 1 '5 
to 3'o, and specific gravity a'ji to 2*33. In a pure and crys- 
tallised state it is clear and translucent, with a pearly lustre ; 
but according to the degree in which it is mixed with other 
minerals, it is grey, yellow, brown, and black, and is op.ique. 
It crystallises in right rhombic prisms with bevelled edges. Its 



Anhydrite {Anhydrous Sulphate of Ltrnt) differs from ordi- 
nary gypsum in that it does not contain water. Chemical com- 
position: lirae4r'z, sulphuricacid 58'8, Occurs at ihe salt-mines 
at Bex, in Switzerland, where it is found at a depth of from 70 
to 100 feel below the ordinary gypsum ; Hall, in the Tyrol, 
at Ischil in U|)per Austria, and at the great salt-mine of 
Wieliezka, in Austrian Poland. It is sometimes used as an 
ornamental slone. 

Fibrous Gypsum or Satin Spar, composed of fine white 

Radiated Gypsum, having as its name indicates a radiated 
structure. 

Se/aiile, which includes the foliated transparent gypsum. 

Stimiy Gypsum and Alabaster, the latter being the name 
by which the massive form of gypsum is known. 

Sulphate of lime occurs in most geological formations, from 
the oldest Silurian to the newest Tertiary. It is, however, most 
abundant in the upper or Keuper division of the Triassic strata. 
We have already seen, in treating of salt, how largely it is 
associated with that mineral in almost every salt district de- 
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scribed, occurring generally in nesis, pockets, and irregui* 
masses above the salt deposits, and in one instaace, that t 
Droitwich, forming a continuous bed 4010 loofeet thick abovg 
the liquid brine. 

In the year r88i there were sixteen gvpsum m 
in Great Britain and Ireland. These returned a total j 
duction for the year of 79498 tons, of the estimated 1 
23,329/. Of this quantity, three mines in Derbyshire yielifl 
12,928 tons, nine mines in Nottinghamshire yielded 49,^ 
tons, three mines in Staffordshire 7,456 tons, and one mineg 
Sussex 9.510 tons. Formerly the great source of gj-psum fi 
the Chellaston Plaster Mine in Derbyshire ; but its product 
had fallen off in the year 1881 to 790 tons. 

It is estimated that from 30,000 to 40.000 tons are usei 
annually in Great Britain, chiefly in the Stafibrdshire potteries 
(or making plaster moulds ; hence it is olten called 'poiteis' 
stone.' 

In France, gypsum is worked chiefly at Montmartre and 
Pantin, in the Paris basin of Tertiary strata. It is harder than 
the English gypsum, and as plaster of Paris it is more valued . 
on this account. 

As alabaster.gypsum is workedin several parts of Italy, 
purest is that of Val di Marmolago, near Castellina, Ihirty-fi^ 
miles from Leghorn, and it is much used for ornamental p 
poses. A fine variety, resembling white wax, is also obtaiil| 
from Vatlerra, and a granitic variety is obtained from C 

In America, selenite and snowy gypsum occur 10 New 
York, near Lockport ; and in the Mammoth Cave, Kentucky, it 
occurs in beautiful imitations of flower, shrub, and tree foliage. 

FLUOR SPAR. 
Fluor Spar {Fluoride of Lime) is composed of: lime 
51-3, and fluorine 487. It occurs in compact and granular 
forms ; is sometimes fibrous. It ranges in colour from white 
through yellow, light green, purple, blue, and more rarely rose 
red. The colours are usually bright, and in the massive 
varieties they ate frequently banded. It fiequently forms the 
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gangue or matrix of the metallic ores in mines, especially in 
lead-mines io limestone, and it is found occurring in veins in 
the older gneissic, granitic, and slaty rocks. 

There arc three mines in England producing fluor spar — 
two in Derbyshire in the Carboniferous limestone, yielding in 
18S1 122 tons, and one, the Ta mar Silver Lead, in Devonshire, 
worked in the older slaty rocks, which produced in the same 
year 250 tons, the value being about 14s. per ton. 

NATIVE ALUM— ALUM SHALE. 

Native alum occurs in siiky fibrous masses, and also in octa- 
hedrons and efflorescent crusts. The usual composition is: 
24 parts of water to i part of sulphate of alumina, and i part of 
some other sulphate. In the common alum of the shops, potash 
alum, this sulphate is a sulphate of potash. In soda alum it is 
sulphate of soda; magnesia alum, sulphate of magnesia ; am' 
monia alum, sulphate of ammonia ; iron alum, sulphate of iron ; 
manganese alum, sulphate of manganese. Alum is manufactured 
largely in England from alum shale, of which in the year 1881 
4,950 tons were raised in Lancashire, 52 tons in Warivickshtre, 
2,651 tons in Yorkshire, and 8 tons in Scotland. 

The raising of alum shale, and the proiiuciion. is an old 
industry io Yorkshire. In 1460 Sir Thomas Challoner brought 
over a workman from France to carry out in England at 
Guisbro' the then secret process, the monopoly of the trade 
being in the hands of the Pope. 

The works afterwards passed into the possession of the 
Crown, and were declared to be a royal mine. They were 
subsequently let to Sir Paul Pindar, at a rental of 15,000/. a 
year. He employed Soo persons and made large profits, the 
price being then 26/. per ton. During the Commonwealth the 
mines were restored to their oiiyinal owners, and five manu- 
bctories were at work. 

The chief quarrying of alum shale now takes place near 
I Whitby, in Yorkshire. Overlying the deposit, which occurs in 
\ Liassic strata, is a bed of hard compact stone called Dt^^er. 
|.JBelow this comesa thick deposit, between two and three hundred 
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feet thick, of hard shaly clay, of a bluisii grey colour. At a 
considerable depth from the surface this is as hard as ordinary 
slate, but un exposure to the weather the hardest portions 
crumble anrl decompose. The upper part of the deposit is soft 
and has an uncluous feel. Lower down the deposit becomes 
dull and emhy, with an admixture of sand and of ironstones, 
but below it again assumes its softness and unctuousness. The 
parts of the deposit which are more earthy than slaty yield the 
most alum. The whole deposit abounds with sulphur in the 
form of iron pyrites, but sulphur is more abundant in the upper 
pan, which is the most valuable part of the deposit. 
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PHOSPHATE OF LIME. 

Phosphorus— Importance in Veeetable and Animal Life— U^e in Agricul- 
ture — Mode of Oecarrence ia Nature — Phosphoric Acid — Apalile— 
Other Foims of Phosphate of Lime — Professor Ilenslow and Ihe 
Coproliles of SoiFolk— Modes ia which Phosphate of Lime occurs in 
Nature — The Apatite Deposits of the Laufentian Rocks of Canada — 
Their Range ind Manner of Occurreoce^Particnlar Examples^ 
Analyses — Particulais of Alining — The Apatite or Phosphale Deposits 
of Norway— Range — Geological Age— Various Modes of tleeurrence — 
ParticnJar EiampJes—R utile— Rock Dykes— Analyses— Difficulties of 
Dressing — Mining Particulars. 

Phosphorus is one of the simple elements. It was discovered 
as such in the year 1669, by Brandt, of Hamburg, and in 1769 
Scheele discovered its presence in the bones of men and 
animals. 

Since the last date it has been found to be a most important 
and essential ingredient of the brain, and to be necessary to the 
nervous system generally. It is therefore at the present time 
largely employed in the preparation of medicines for ailments 
affecting these parts and functions of the human body. 

It is present also in considerable proportions in plants, and 
books on agricultural chemistry usually contain numerous 
details of the quantities found in the various plants and roots 
that are used for human food. 

When it is reflected how much phosphorus must be extracted 
from the soil every year lo make the bones and tissues of all 
the living things that grow out of and feed upon the earth, it 
rill be seen how necessary it is that at least as much phosphorus 
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as is extracied from the soil should be returned to it from time"* 

to time if we would avoid its utter exhaustiou. In the attempt 
to do this we have suggested to us the whole question of the 
preparation of chemical manures, into the composition of which 
this subalance largely enters. 

Phosphorus is not found in a pure form or free in nature, 
but always in combiiialioD with other substances, chiefly lime 
and oxygen. In the mineral state in which we have now I 
consider il, it is found in combination with lime in the follow* 
ing forms, in which it is known as phosphate of lime. 

In all these forms the strength and value of the mineral 1 
calculated according to the amount of phosphoric acid there j 
in combination with the other minerals. The composition i 
phosphoric acid is as follows; phosphorus 31 parts, oxygfi 
64 parts, hydrogen 3 parts. 

Apatite.— Chemical composition : phosphate of lime 91 
92, chloride of calcium o-o to 0'42, and fluoride of calcium 4"' 
to 77. This nimeral has a specific gravity of 3'i6 to yx 
that is to say it is about three and a quarter times as heavy a 
water, and its hardness is = 5. In appearance it is otien traa 
parent ; its natural colour is a creamy white, but it ii 
tinged yellow, light green, grey, and blue, by the admixture) 
various substances that enter into its composition. Its variet 
are known as— 

Phosphoritt, which is the general rocky or massive form ii 
which the mineral is found, as described more particulail 
further on. 

Magnesia Apatite, which contains 774 of magnesia. TTi 
variety is found at Kusinsk, in the Ural Mountains, bi 
magnesia often enters into the composition of phosphat 
deposits. 

Moroxite, which is apatite of a greeniih blue colour as 
opaque character, from Arendal, in Norway. 

Asparagus Stone, which occurs in translucent crystals 
a reddish colour, and is found in the Zillerthal, i 
Tyrol. 

ivill be seen in ihe following pages that the commercn 
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value of ihe pliosphales of lime of commerce is principally 
determined by tlie amount of phosphoric acid they contain in 
conjunction with lime. 

It was in the year 1842, when on a visit to Felixstow, in 
Suffolk, that the attention of the late Professor Henslow was 
direcied by a countryman to the existence of curiously shaped 
noiUiles or concretions in the red crag of that neighbourhood. 
On examination the Professor found that these nodules con- 
tained a considerable proportion of phosphate of lime, and at 
the meeting of the British Association in 1845, he suggested 
the value of these substances in their application to agri- 
eulture. 

The result has been extensive mining operations in the 
original deposits, and also in other deposits of the same sub- 
stance which have subsequently been discovered in other 
parts of this country and in various countries of the world, 
together with a corresponding growth in the manufacture of 
chemical manures. To such an extent has this industry grown 
within the last thirty-five years, that in the year 1875 there 
were raised in England and Wales 150,152 tons of phosphalic 
nodules and substances of the value of 628,000/., besides wbich 
we imported 100,258 tons. In 1877 the home production had 
fallen down 10 69,000 tons, our manufacturers depending chiefly 
upon foreign supplies. The port of Charleslown supplied in 
that year no less than 170,000 tons, with about 70,000 tons 
derived from other countries. 

Phosphate of lime is contained in rocks of all ages and of 
almost all textures. It occurs as chemically mixed throughout 
the mass of rock, as collected in a purely mineral form in 
cracks, cavities, and layers of the strata, and also as gathered 
into and forming a good part of the fossil remains contained 
in strata, as well as in beds in which the phosphatic matter of 
ancient sea organisms has been re-deposited upon the old sea 
floor. 

I proceed to describe the principal phosphalic deposits of 
the world, beginning with the oldest stratigraphically. and 
ascending to the newest deposits, noticing as we proceed the 
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intervening strata in which the mineral- is more widely 
spareely diffused. 

PliOSPHATlC DEPOSITS OF CA-VADA. 

At the base of the whole series of stratified rocks lie the 
Laurentian strata of Canada, the ec|uivalents of portions of 
which are found in the Western Highlands of Scotland, with 
possibly outcrops of the same strata in the promontories 
Carnarvonshire and Pembrokeshire, in Wales. 

Fig. 1 2 will afford an idea of the succession of these lowest 
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known strata of the earth's crust, as they course from north-east to 
south-west through the provinces of Ottaw'a and Ontario, in 
Canada, and the explanation of the figure will give a general 
view of their mineralogical characteristics. 

The whole of this vast volume of strata undulates from north- 
west to south-east in synclinal troughs and anticlinal ridges, and 
it is where the ridges of the granitic gneiss, No. 6, with its over- 
lying limestone, No. 7, come to the surface thai the phosphatic 
deposits have been chiefly found and worked. The region 
where the deposits have hitherto been most proved lies for 
some distance on both sides of a hne drawn from Princi 
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Edward Peninsula on Lake Ontario, ngrlh easterly ihrough 
the counties of Fronlenac, Leeds, and Renfrew, in ihe province 
of Ontario, to the river Ottawa, below the island of Callumelte, 
and thence through the county of Buckingham, in the province 
of Ottawa- 

The deposits occur in three forms. First, as beds of 
irregular thickness, interposed between the almost vertical 
strata. Secondly, as veins or lodes whose general direction is 
north-west by south-east or at right-angles to the run or strike of 
the strata ; and thirdly, as superficial deposits in the detritus that 
covers the upturned edges of the rocks. These are the result 
of the decomposition of the exposed portions of the strata, the 
blocks and rough crystals of apatite having fallen out of the dis- 
integrating mass of rock, the fragments and remains of which 
now form the loose material surrounding them. 

The discovery of these phosphatic deposits is of com- 
paratively recent date, and to the close of the year 1874 the 
workings on them partook more of the nature of preliminary 
trials than of systematic workings. There were at that date 
one hundred and fotly-two 'openings made 00 deposits in 
North Burgess, the general position of most of which is shewn 
on the accompanying sketch-map, fig. 13. 

These openings consisted chiefly of trenches 10 to 20 
feet long by 4 to 10 feet wide, cut through the superficial soil 
and decomposed part of the solid strata below, Many of 
these openings revealed phosphate in the loose covering, and 
a good many tons were shipped. In this position |the phos- 
phate consisted of loose masses, embedded in a micaceous 
pyroxenic debris, surrounded by a good deal of calcareous 
matter, together with carbonate of baryta. These superficial 
woricings were uncertain, not continuously profitable ; they 
were soon exhausted, and consequently abandoned. 

Following, however, the indications they afllorded down to 
the solid rock, many of them revealed both beds and veins of 
phosphate of lime, some of which have proved continuously 
and profitably productive. 

as difficult at first to distinguish between a bed and a 
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vein, but as ihe bearing or the strata became understood^ the' 
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veins were readily distinguished by their contrary direction to 
that of the strike of tJie stratification. 

In order to afford a view of the character of these more 
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permanent workings, I wiil give a few selected descriptions of 
them. 

I. An opening 10 ft, long, 7 ft. wide, and 15 ft, deep, 
revealing at the bottom a bed of green massive apatite, 
varying in thickness from 1 lo 2 ft., and enclosed by dark 
quartzose and micaceous hornblendlc gneiss. This bed was 
struck along its course westward in two places within a. chain's 
length, where it showed the same character. 

1. A trench 30 ft, long, sunk down to a bed of calcite, 
with a north-east and south-west course that contained crystals 
of apatite of large size. 

3, A similar trench sunk on a parallel bed of calcite of a 
red colour, in which were crystals of apatite grouped together 
in the midst of the carbonate of lime. 

4, Two openings on a bed running east and west, and 
averaging 10 in. in thickness ; a beautifully pure bed of apatile 
of excellent quality. 

It may be observed here that the apatile deposits in 
carbonate of lime have not proved so continuous as those 
enclosed in the gneissic rocks. To the foregoing I will add 
some illustrations of the character of the veins. 

1. An opening lo ft. square sunk down to an irregular vein 
of green apatite running in a north-west direction and enclosed 
in a rock which is a mixture of carbonate of lime, felspar, mtca, 
and pyroxene. 

2. An opening 8 fL long, 4 ft. wide, and 3 ft. deep, expos- 
ing a vein of green phosphate, bearing north-west, which had a 
thickness varying from 3 in. to z ft., and which was enclosed 
in a rock of quartzose granitic nature. 

3. A pit 10 ft. long, 4 ft. wide, and 6 ft. deep, exposing 
a vein of green apatite 6 to 18 in. wide. The apatite is 
here associated with good-sized crystals of whitish coloured 

4. An opening 35 ft. long, 4 ft, wide, and 6 ft. deep, 
shewing a vein of green apatite of a thickness of from 2 to 
3 ft. in syenitic rock. 

5. A shaft 30 ft. deep, in a rock of granitic gneiss, down 
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to a vein of apatite varying in thickness from 18 in. to 17 t 
along which a level had been driven for a Oistance of 85 i 
In this distance two smaller veins were seen to branch out < 
the main one. The phosphate occurs in pockets and bund 
in the vein, the enclosing rock being a quartzose gneiss. 
these workings about 450 tons of hiyh class phosphate of lio 
had been obtained. The pockets and bunches of apatite i 
usually connected with each other by a leader or string of d 
mineral, but iliey are often quite cut off and separate froin e 
other. 

The examples just given will afford an idea of the nature j 
the phosphatic deposits in Ontario, and the following desci 
tion of a deposit in Ottawa will show the similarity of tlU 
structure at the extreme point north-east at which the depc 
have been worked. 

The deposit is on the eighteenth and nineteenth lots of ti 
twelfth concession of Buckingham, It is situated on th? 
RiviE:re du Lifevre, where the rocks rise in a bold cliff about 
100 ft. high. This escarpment of rock is of a similar character 
to those already described — granitic gneiss. It is intersected 
by numerous veins of green crystalHne apatite, which frequently 
occur in aggregations or clusters of large-sized crystals. One 
of these, which is before me as I write, is as thick as a man's 
thigh. A portion of it yielded 93 per cent, of phosphate of 
lime. The crystals are cemented together by a readily crum- 
bling matrix of ere araH;o loured carbonate of lime, in which 
smaller crystals of apatite are thickly disseminated. The pro- 
portion of phosphoric acid is usually larger in these crystals 
than in the rough granular masses. 

Care is required in separating these crystals Erom the 
enclosing substances, which in colour and texture so closely 
resemble the mineral. An instance occurred in which a work 
was carried on for some considerable time, during which several 
thousand tons of pyroxene, which closely resembles the phos- 
phate, was stored for shipment. Instances are not uncommon, 
too, where the phosphate has been thrown upon the waste- 
heaps. This last mistake has arisen from the variable character 
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and colour of the apatite, which certainly here justifies its name, 
which signifies to deceive. 

When first discovered the colour of the mineral was green, 
and all substances not green were rejected, but it is now 
recognised in every shade of colour, the next principal variety 
being red. It is, as I have said, often crystalline ; it is also 
roughly lamellar, and from this form it passes into that of a 
granular condition, known as sugar phosphate. It also occurs 
as a very close-grained compact rock, which has formerly often 
been thrown away as useless. Several blocks of almost pure 
phosphate, weighing upwards of a ton each, were shown at the 
Paris Exhibition. 

The following analysis by Dr, Voelcker will show the 
general composition of the Canadian phosphates, and it is 
seldom that any of a less proportion than 65 per cent, of phos- 
phate of lime are shipped from Canada. 
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The distinguishing characteristics of the composition of 
Canadian phosphates are the absence of carbonate of lime, the 
scarcity of iron and alumina, and the presence of fluorine. 
They arc also rather hard, and somewhat difficult to grind to 
the desired degree of fineness. 

In the early stages of the industrj', when the phosphate has 
been picked out of the loose stuff near the surface, it has been 
known to be mined for from is. to 3s. f>d. per ton, and l3<"~ 
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quantities have been obtained at prices varying from $1. 6^.1 
loj. per ton. But as the deposits are followed down into t] 
hard gneisslc rock the cost of mining is considerably lai 
The rock is very hard, and it soon blunts the drills; agatq 
this, however, must be set the fact that frequent joints i: 
rock fadlilate operations. The veins are worked by open c 
lings, and, where favourable, by means of tunnels, from whi 
the veins are followed and sloped away upwards overhand. 
The following is an estimate of the cost of working n 
by Mr. Alexander Garret, of Ottawa, in connection with t 
Rivifere Lifevre deposit, before referred to, which, although I 
may be subject to variations caused by lime and by spc 
mineral conditions, will afford a favourable idea of the cost ^ 
mining Canadian phosphates. Quantity supposed to be n 
when the mine is fairly opened out, 5 tons a day, 

four men at 1 10 cents tach per day .... "" 

One cBit, bone, and bop > *SM 

Assorting a ~ ~ 

Loading on rail o 

Freighl on ra(i to Buckingham ..... 3 

., to sleamboal-laading on the Ottawa . . 7 

Wharfage O 

Loaduig on barge for Montreal at |l 50 cents per ton . ll 

Discharge into vessels at 10 cents per Ion ... a 

CommissioDS and insurance on 5 tons .... 3 

Powder and fuze O 

Inteiegl and conlingeDcies o 

35 85 J 

or t^ 17 cents per ton. 

It is assimied in the calculation that the phosphate is eqi3 
to 80 per cent., and that it is worth in Montreal $zo a ton, H 
(hat the cost and profit would stand thus : — 

I c««u. 
Value . . 100 00 

Cost .... ■ 3i 85 

Prolit . 64 15 

or nearly 2/, 1^, per ton. 

As, however, the value of the phosphate in Liverpool 1 
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■. a4- P^'' "I't would be only 5/. per ton, and the freight from 
Montreal to Liverpool would average 251., the value of the 
mineral in Montreal as given above is placed too high. 

I An estimate at another mine is given as follows : — 
Cost of mining per ton . 150 

Callage to river O 4 O 
River caiTi3gc to Mantieal . . . o ^ o 
Freight from Moatreal to Liverpool . . 150 



Cost in Liverpool 



\ 



The amount shipped from Montreal in 1SS3 was 17,840 tons. 

As regards the cost of mining, this estimate seems to be 
most correct of the two. The cost will, however, differ much 
io different localities, owing to the varying thickness of the 
beds, the frequency or otherwise of the pockets, their size, and 
other considerations. It will also vary at different times at the 
same mine. Let us now notice deposits of a similar nature in 
Norway, 



The exisience of apatite in Norway has been known for a 
long time, and special attention was drawn to it by M. Dufrey- 
noy in his ' Traits de Min^raJogie.' The discovery of deposits 
which could be profitably worked only dales, however, from the 
year 1871. The discovery was made accidentally by Peter 
Simonsen, who organised a French company to work the 
deposits lie had discovered. The explorations of this com- 
pany led to the discovery of a number of similar deposits 
within the same district. The only mines at present worked 
extensively are those which are worked by a French company 
in the parish of Bamle, near Oedegaarden. 

The region of the principal phosphatic or apatite deposits 
known in Norway stretches, as will be seen by a reference to 
the map, fig. 14, from the towns of Stathelle and Langesund, 
west-south-west, to the port of Kragero, and on to Risor and the 



r 

^M neighbourhood of Arendal, a^ shown in tlie map, fig. 14. I have 

^M made several visits to this region, and I have examined a g 

^P number of these deposits. 1 am enabled, therefore, to supplo-^ 

ment the interesting information given in thearticle' refertfld 

to below from personal observation. 

The section, fig. 15, will show the general order of th{L 

strata at this region, which belong to the Laurentian grou& 



EARTHY AND OTHER MINERALS. 




iglntim 



and bear a great resemblance to the strata of the same age in 
which the Canadian phosphatic deposits occur. 

The rock in which the apatite is usually found is a dark 
grey granular gneissic rock, with a large proportion of horn- 
blende in it, the colour being lighter or darker according as 
there is less or more of this mineral. The particles of the 

' 'Vorkommendes Apatit inNorwegen,' Herretl Brogger undRenscli. 
DtuUcktn Gtelegical Gesellschaft, 187J, p. 64G, it stq. 
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different minerals the rock is composed of are less reg 
arranged than in ordinary gneiss. 

The apatite occurs in veins, as shown in figs, i 
in nests and pockets, as seen in figs. 19, 30, and 2 
giving a fair illustration of the surroundings of a Norwegi 
apatite mine ; and in beds, as shown in the sections, figs. 1 
23, and 24. The Gabbro refened to in the explanation i 
some of these figures is the name given to darker and r 
varieties of the homblendic gneiss, in wliich the deposits ai 
found. It also occurs 
■* , , -^ crystals, fig. 22, groups of whiJ 

I \ , ''I ■' sometimes take the place of the ne| 

■ (. ; , and pockets distributed through |] 

rocks. The veins do not lie a" 
lines of displacement of the stia 
but are rather cracks of shrinks 
filled with phosphate and its a 
ciated minerals. Fig. 
I , sents two parallel lodes, about 8 J 

apart, at Tvitrae, which can 
traced along the surface for 1 
or three hundred yards, and I 
southern one has been followed \ 
a depth of 30 ft. They j 
5 ft. 6 in. to 6 ft. wide, and t 
apatite, which here is chiefly I 
in colour, with a little yellow, ^ 
in pockets and wedge - shapj 
masses within the lodes. These masses are sometimes 4 1 
thick and 6 or 8 ft. long, and they are connected by strinf 
of apatite and hornblende, sometimes by the latter aloi 
the miner never losing heart as long as he has a \ 
of hornblende to follow. The hornblende also s 
the apatite as a black margin from ^ in. to i i 
These apatite masses are separated from each other by simi 
masses and strings of dull quartz, fig. zi, so that probl 
not more than two-fifths of the contents of the veins | 



ra- - 



.trion of Quirti. 
1 1, UombTei.dc IBJack) i 

lion On: occHiomlir, 
)]. GroyGranu]uKa<:k. 



POCKETS OF APATITE NEAH KRAGERo. 



I^3 



apatite. Figs. 17 and iS are also illustrations of apatite veins 
as they occur amongst a number of others at Godfielti, where 
the apatite is of a cream and greenish colour. Here are the 
usual conditions — the grey granular rock, the fringe of horn- 
blende, which on each side of the apatite in fig. 1 7 contains 
some beautiful crystals of titaniferous iron ore and large Bakes 
of mica. In this illustration are also seen examples of pockets 
running alongside the vein. Being simply cracks of shrinkage, 
these veins are uncertain as to theJr continuance in length and 
deplh, and also as to the cliaiacter of their contents. It is 




only when a long length is exposed, as at Tvitrae, and at the 
works of the French company near Faesset, that their average 
worth can be estimated. 

In figs. 19 and zo we have illustrations of the way in 
which the mineral occurs in pockets, and it will be seen that 
Ihe chief thing to be considered in estimating the commercial 
value of such deposits is the proportion of apatite contained 
in ihe mass of rock to be removed. These deposits are uncer- 
tain in their character. Fig. 10 is an illustration of the 
character of a long cluster of nests about 50 ft. in length, 
which promised to give an average thickness of i ft. of apatite ; 
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but the whole 
these nests died 
out at a depth of 
;l ftw jards The 
Vuggensmme tg 
19 has been more 
successful Here 
again the apatite 
s surrounded ftith 
hornblende, the 
crystals of which 
m all c^ses point 
in length towards 
the apatite j^ 

Fig 33 IS ■« 
illustration of a ■ 
series of bed-hke 
deposits on Dore- 
dalen properly, 
near the Tvitrae 
Lake These beds 
crop out on the 
high breast of a 
hill, and are trace 
able (or a con 
siderable distance 
There are six or 
seven of them, 
ranging from 6 in 
to 2 ft in thick 
neis Possibly, 

however, ihey may 
not be true beds, 
but collections of 
apatite occupying 
portions only of 
the hne of bedding. They are, how- 



CRYSTALS OF APATITE NEAR KRAGERo. 

~ver, the most massive and continuous beds I saw 
The apalite here varies in colour 
from cream through green and 
white and pink. At a little dis- 
tance from these beds there is a 
long irregular mass about 30 ft. 
long, lying in the line of the 

' stratification and dying out to a 
string at each end. Another in- 
teresting series of bed- like de- 
posits occur near the south-west 
end of the range in the hill Ho- 
gaasen, on the Midbo properly, 
about ha!f-way between Tveii 
estrand and Arerwial. Fig. ;), 
from a sketch taken by mc hi 
August, 1882, illustrates these 
deposits, which are interesting 
from the amount of rutile— oxide 
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apatite, as well as for the beautiful separate crystals of apatite. 
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The latter mineral lies in pockets, the run of which coincides 
with the bedding of the gneissic rocks. 

The following analysis by Dr. Voelcker of two sa 
each of red and of white will give an idea of the rich quality 
of these Norwegian apatites. 




Af ATin Bins 





RedApitite. 


WhiloApmlite. 


WalerofcombiDalioD . . . 
Phosphoric acid 


. . . 0-43 


0'43 
O'40 
4174 
54" I i 
f6[ 

0'4S 

0-50 


OT9 
o-!3 
4' -25 
56-6! 
6-41 

1) 

o'l; 
100-36 


o-»98 
0-198 

43-180 


Chloride of caleiuro .... 


. . . rbi 


Iron and alumina .... 
Insoluble matter 


. . . 1-66 
. . . ii4 


o-9» 
O-990 


100-67 


.ao-i96 



From the absence of all traces of the remains of organic 
e in the apatites of Canada and Norway and in their sur- 
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rountiings, we may reasonably infer that in them we have 
original deposits of apatite from phosphatic matter disseminated 
in the water of those early seas, derived probably from gaseous 
emanations and eruptions from the interior of the earth, and 
deposited pure and simple, without having passed through the 
structure and substance of living organisms. The gathering of 
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iflie mineral into separate masses distinct from the rest of the 
strata, with the crystalline fringe of hornblende and titaniferous 
iron ore, indicates considerable chemical action with its result- 
ing crystalline conditions subsequent to these depositions of 
the phosphatic matter. 

The containing goeissic rock is often varied by passing into 
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large masses of pink and red felspar, especially in the imme- 
diate vicinity of the apatite pockets. Dykes of the same 
substance, and also of granite, not unfrequently cross the strata 
and cut off the veins. lUuslralions of this occur at God&eld. 

The chief element of uncertainty in the mining of these 
deposits lies in the proportions of apatite there may exist to the 
enclosing matrices, and this, of course, depends upon the size 
of the nests and bunches of apatite, and the distances at which 
they may lie apart. 

A difficulty also occurs in the dressing, from the great 
nilarity there is between the red felspar and the red apatite, 
and between the white apatite and the white quartz. It 
requires some degree of handling and of familiarity to the eye 
to distinguish the difference. It is also next to impossible in 
actual mining to secure the whole of the apatite. It is tender, 
and in the process of blasting it gets broken up. Even with 
the most careful screening and picking it is impossible to avoid 
having a second quality of the very small of from 45 to 50 per 
cent., and after ail some portion is lost. 

It will be seen that with deposits so uncertain in their 
character it is difficult to fix the costs of mining and dressing 
the mineral. It may be assumed that miner's wages are less 
in Norway than in England, but that this is balanced by the 
rather higher price of materials. Then it may be taken that 
an area or space of apatite 6 ft, by 6 f L by 4 in. thickness is 
equal to a too, and also that the whole of this in mining cannot 
be saved for use. Taking apatite of the quality of 85 per cent., 
and an average thickness over a considerable area of 8 in., 
and a production of from 1,000 to 1,500 tons a year, the cost 
of mining, dressing, and shipping a ton of apatite, including 
cost of management and all other costs, if the mine is within 
four or five miles of a port, may be taken at 651. It is essential 
to success in apatite mining in Norway that a large number of 
concessions be grouped under one management, not only in 
order to save in cost of management, but also that when one 
mine is poor another may be rich, and the supply be kept up. 
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Phosphalic Matter in Strata between Ihc Laurentian and Lower Silurian— 
The PhoBphorife Deposit of North Wales— Discovery— Range— Asso- 
ciated Strata — Docripticni of Bed — Supposed Origin of Analyses — 
Compared with other Phosphates — Paiticulats and Costs of Mitiing 
and Dressing — The Phosphalic Deposits of Estramadura. Spain— 
Podtion — Ehscovery — Composition — Description of Paiticular Depo:iits 
— Deposits in Canada, Fiance, Hnngaiy — Bone Bed at Top of Upper 
Silutiu) Strata in Shropshire. 



DEPOSITS IN SILURIAN STRATA. 
the deposits of phosphate of lime described in the 
last two chapters and those now to be described there is a 
vast thiclcness of strata, probabi)' not less than 70,000 to 
80,000 feet in thickness, comprising the uppermost beds of the 
Laurentian group, the whole series of the Cambrian, and thret;- 
fourths at least of the Cambro^ilurian or Lower Silurian groups 
of strata. 

Throughout the whole of this vast series of rocks there are 
traces of phosphatic mailer, which becomes an appreciable 
quantity where organic remains abound, as in the Paradoxides 
beds of St. David's, the fossiliferous beds of the Lingula strata, 
and of the Llandeilo limestone. 

At nearly the summit of the Cambro -Silurian strata in 
North Wales, and resting on the uppermost surface of the Bala 
limestone, we meet with a deposit of phosphate of lime, which 
is interesting scientitically, and which, although it has not yet 
been extensively worked, is, I ihink, from its position, i|uaUty, 
and the great extent of the deposit, destined to be. 
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Dr. Vockker, who had been employed to make analyses 
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; samples of the deposit for the original discoverers and 



SECTIONS OF STRATA IN NORTH WALES. 
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workers, first directed public attention to it at the meeting of 
the British Association held in Birmingham in the year 1865, 
when he entered into particulars concerning its composition 
and value. In the year 1867, having been previously em- 
ployed in the examination of the deposit at points east and 
west of the place of original discovery, I communicated a 
paper to the Geological Magazine^ in which its true strati- 
graphical position and raineralogical conditions were first 
described. 

Subsequently, in 1871, a discovery was made of a similar 
bed near the summit of the Berwyn Mountains, between Llan- 
gynog and Bala, with which I became connected, and having 
had occasion to examine the deposit at various other points 
of discovery, I embodied the whole of my observations in a 
communication made to the Geological Society in 1874, and 
which appeared in the journal of that society during the fol- 
lowing year,' 

I will here summarise those observations, and add such 
particulars of results and cost of working as will illustrate the 
value of the deposit, and which will, I hope, be of service to 
those who may hereafter attempt its working. 

The deposit, as shown on the sketch-map, fig, 25, follows 
the course of the Bala limestone in the norih-east part of the 
county of Montgomery, North Wales. The seclion, fig. s6, 
along the line A IS C of the map, illustrates the general struc- 
ture of the county, and shows the phosphate bed with its 
underlying limestone in the same position over the whole 
area. 

Although not essential for our purpose, it will be interesting 
lo note the detailed structure of the Bala limestone as it is 
seen at the Berwyn phosphate mine, inasmuch as probably u 
forms the most complete detailed seciion of that series of beds 
in North Wales. 

' 'On a Iwd of Phosphate of Lime in North Wales." D. C. Davic- 
Geotogical Magazijie, vol. iv. p. 357. 

» D. C.Divies 'On the PhospbaticDeposils of North Wales,' (Tiiditorf/ 
ymimalGtol. Society, vol. "" p. 357. ' 
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a Grey shale with cchinoderma and ulher fossils phosphali^ed. 

* Phosphate Bed. 

c Dark limestone impiegnaled with phosphatic mittci. 

J Dark shales with veini oS sulphate of baryti, passing upwarcls inta 

soapy day. 
( Limestone with veins of sulphate of baryta. 
/ Dark shales. 
g Bluish gtej limestones. 

b Limestones and shales, often pyrilous and decomposing towanb the 
. as brownish sandstone, containing (ossils orthii and lepttina of sew 

species, alio tiilobiles — illaenus and asaphus. 
1 Blue slaty bed. 

/ Limestones and shales with fos^s, orfkis, leplanti, bellcrophoD, &c. 
i CrystaUine limestone. 

/ Tough blue shaly rock with limestone partings. 
m Limestones with the usual fossils, plentiful, 
n Beds of bluish shale with black balls of phosphate and small trilobitw 

Kaolin. 

p Tough calcaTCous shales, fossiliferous. 
7 KaoJio. 
r Alteraalions of slaty, calcareous, and arenaceous beds. 

1 Limestone, composed almost entirely of oiihis sfiriferotda. 
I Shaly beds slightly calcareous, with limestone bands, 
u Superficial drilt. 
X Peaty deposits. 

There is a great similarity of structure in many resj 
in this group of beds all over the district under considc 

The phosphate bed lies at the top of the series of lin 
stone beds, and is overlaid by the shales, a. It varies 
thickness from 6 to iS inches. It is black in colour from I 
graphite it contains ; rarely, where the graphite is absent, il 
of a pale yellow colour. The bed is made up of a number 
concretions, which range in size from that of an egg to that 
a full-sized cocoanut, which are closely packed together, a 
run into each other. They are cemented together by a bli 
shaly matrix, The concretions have often a polished appe 
ance, which is also due to the presence of graphite. S 
quently, along the course of the bed, the phosphorite 
charged with concretions and crystals of sulphide of in 




r the surface the pyrites become oxidiseii, and the dejrasit 
changes its black for a rusty appearance. 

The concretions contain from 6o to 69 per cent, of phos- 
phate of lime ; but the matrix also contains a portion, so thai 
the average quality of i.ooo ions sent off from this mine has 
been about 46 per cent. 

Latterly, by more careful dressing and selection, the quality 
has been brought up to 55 per cent., and there need be no 
difficulty in sustaining this average. With proper appliances 
and means for drying the phosphate, the percentage may be 
increased to 58 or 60. 

The bed is underlain by a thin bed of crystalline lime- 
stone, (, which does not usually exceed 6 inches in thickness, 
although at times it does thicken out and form a solid lime- 
stone 2 feet thick. This limestone contains phosphate of lime 
to the extent of 15 to so per cent. 

Sometimes the phosphate bed is seen to divide into two, 
and more rarely, at the Berwyn mine, (ig. 27, into three beds. 
When this division takes place the dividing substance is the 
phosphatic limestone. The uppermost bed dies out as it 
enters the shales ; so does the middle one. It is invariably 
the lowest bed which is continued forward, the overlying lime- 
stone dying out until the shales take their true position above 
the phosphate bed. 

In attempting to account for the existence of this bed we 
cannot be far wrong, I think, in ascribing to it an organic 
origin. It is probably an old sea bottom, on which the phos- 
phatic matter of crustacean and molluscan life was precipilatetl 
and stored during a long period, while certain marine plants 
may also have contributed dieir share of phosphatic matter. 
There may also, as in the case of the Laurentian deposits, 
have been an abundance of phosphatic matter in the water of 
this early sea, independent of the living organisms which it 
sustained. 

If we could bend down the edges of the strata of the 
section, fig. 26, to a horizontal line, and piece them with the 
middle portion, which has been broken and denuded through 
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the upheaval of the underlying porphyries, greenstones, and 
slates i if we further follow the phosphorite bed underground 
along the section, fig 26, to where it comes up in altered 
form on the flanks of Aran Mawddy, and measure the length 
of the district described on the map by tlie breadth thereof, we 
should gain some conception of the extent of the shallow sea 
with its swarms of life in which the bed 
^ was deposited, covering as it does an 

^ i area of about 150 square miles. Over 

I j|3 ^ this the depth of the sea must have 

been nearly uniform, and the same 
conditions of life must have prevailed. 
Then 1 do not doubt that, in some 
shape or other, the bed may be found 
at the same horizon all along the course 
of the Bala limestone in North Wales. 
The bed presents the same general 
appearance at all the points where it 
lias been opened upon. To the east, 
about Llanfyilin, however, it becomes 
more sandy and impure, while on its 
western outcrop, about Llan-y-Mawddy, 
the phosphatic matter is largely re- 
placed by sulphur, The figs, 29, 30, 
3I1 3^1 Z^ w'" illustrate the details of 
the bed and its associated strata at 
widely different places. 

The following analyses and par- 
i^«™"''or''"THK ticulars will show the character and 
iaawYw minT. *' commercial value of the deposit. 
Analysis of nodules : — 

Moisture and organic matter 

Iiuoluble matter 

Tribasic phosphate o( lime . 
Oxide oriioD and tdnmina . 
Other constituents not dclennined 
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AnoLher analysis of nodules gave 69-24 phospliaie of lime, 
wuhout any pyrites or carbonic acid, and only slight traces of 
sulphuric acid. Five analyses from the bulk of consignments 
from the Bcrwyn mine previous to 1876 gave an average of 
46'S5 of phosphate of lime. 




i 
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Dr. Voelcker's original analysis of two samples from Cwm- 
gwynen, the place where the bed was first recognised, were^ 



There was no carbonate of lime, some fluoride of calcium, 
alumina, and oxide of iron. 
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The darker- coloured contained more graphite and were 
richer in phosphate of lime than the light-coloured speci- 

The deposit at Pen-y-gamedd, when properly dresscd,r| 
averaged 46 per cent, of phosphate of lime. 
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Two samples from near Uan-y-Mawddy, where the phos- 
phate is replaced by sulphur, gave the following results : — 
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Partly through want of knowledge, anJ partly through care- 
lessness, some of ihe early consignments of phosphate from 
Cwmgwnen and Pen-y-gamedd, and later from BerwjTi, were 
not properly dressed and selected. The result was a per- 
centage as low OS 30, and the Welsh phosphates came into dis- 
repute. 

The following recent analyses from consignments in bulk, 
and which were made by the analysis of the consignees, will 
show what these Cambro-Silurian phosphates can really be 
made to do, while, as I have said, with proper appliances for 
dressing and means to dry the mineral, it may be sent off 4 or 
5 per cent, higher in quality. 

. Analysis of sample of 5 tons, by D. H, Richards, 

s., borough analyst of Oswestry ; — 

Insoluble in hydiocUoric acid . . jroio 

Water 180 

lime 3)156 

■ Phosphoric acid *3'S"' 

Glide of iron, &c 3'686 

Carbonic acid a-2to 

Not delermined [^kalies, &c.) . . 6'966 



■ Equal lo tribasic phosphate of lime . 51 ^b 

. Analysis and samples of 8 tons, by Dr. Voelcker ;- 

Water and loss on beating . . , . 549 

• Phosphoric acid , »3"!S 

Lime 3270 

Oxide of iron, Bluminn. magnesia, carbonic 

acid, &c 15-04 

Insoluble silicious matter .... 33-52 



■ Equal lo phosphate of lime 
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3, Analysis of sample of 8 tons, by Nesbiit & Co, :— 

M°i-""« o-Ji 

Wal« of combination i05 

Silicioua matter 28-75 

Oxide of iron and alumina .... 4'6o 

* Ptiosphoric add *3'75 

t Caibonicacid i-go 

Sulphuric acid 0'96 

Undetermioed 3-48 



Two subsequent analyses, one of 8 tons, by E. Davies, 
F.S.C., of Liverpool, gave 54*97 ; and one by the analysis 
of Messrs. Newton Keats & Co., of St. Helen's, gave 

The value of phosphates of lime for agricultural manures 
depends largely upon the absenceof oxide of iron and alumina. 
If these substances are present in quantity the phosphate, 
after it has been made soluble, becomes trxed again, or goes 
back to an insoluble state. Further, if there is too much 
carbonate of lime, the quantity of sulphuric acid required is 
very great, owing to the acid attacking the carbonate instead 
of the phosphate of lime. I have therefore been at some 
pains, in order to arrive at the true value of this North Wales 
deposit, to compare it in this respect with others of similar 
strength from various parts of the world. The annexed tabic 
is the result ; and it will be seen that the phosphate from 
North Wales is really superior in these particulars to the others 
with which it is compared. 

In mining the deposit a level is first driven along the bed 
from the hillside. An opening is next made up to the surface ; 
then the bed is taken down by overhand stoping. It is found 
necessary to take from three to five feet 0/ the limestone bed 
below the deposit away first. This is done by blasting ; a 
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if strong explosives are used, and care b uken to coatpd the 
miners to bore deep holes far xput, ud to pot stnag dnrgo 
of the explosive used, this opcntun naj in (ntnre be dooe 
niore cheaply than in the past. The pbotpkau bed b left 
standing for several fathoms in length, and when a tufiki e nt 
area of its under surface has been laid bare, a few ^bots pot in 
between the bed and the ovedTii^ thaks bdn^ do«n the 
whole mass, the parting between ibe bed and die ihakt 
being very tiistinct and clean. The whole of Ibe bed obUiocd 
is taken out of the mine lo be dressed, wlule the litnatooc is 
used to Itll up the space mined below, passes being left at 
frequent intervals for the purpose of throwing the pboipbate 
down into the level below. 

The average amount of ground sto<ped by two men per 
week at the Berwyn mine was, in 1 876, 47 square feel fonrard, 
or a little over ti fathom. With the use of stroDgcr ex- 
plosives, as I have said, the amount should be broagbt op to 
2 fathoms. 

The average cost for fuze, powder, and candles per pair of 
men per week was 4/. Bd. 

The average netl wages made by men at 36^. per fathom, 
the men finding their own stores, was 331. per week. 

The average production of the bed over a space of 
360 fathoms was a tons 10 cwt. of phosphate per iathom, of 
an average strength of 46 per cent. 

The average yield of 53 per cent, quality &om the bed 
was, as nearly as I can ascertain, 2 tons per fathom, the 
remainder, although containing a good deal of phosphaiic 
matter, being rejected, 

Tlie cost of driving the level was from 4/. 10s. to 5/. per 
fathom. 

The cost per ton of dressing 586 tons of ore up to an 
average percentage of 46 was y. per ton. 




EARTHY AND OTHER MINERALS. 

The Amounts of Oxtde of Iron, Cabhonate of Limf, 
Alumina in vabious Samples of Phosphates 
under 57 pek cent. of phosphate of lime. 
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Spanish Phosphate . 


5-6 
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70 




17-80 


S6l9 


German, ditto . . . 
Cjiolinfl, ditto . . 
Welsli, ditto . . . 


fS 


90 


S610 
5008 



Average amounl of oiide of iron, carbonate of lime, 

and alumina in seven of the above samples . 16' 

Ditto, in the Welsh sample ii- 

Only about I per cml. each of oiide of irou and aJnmina. 

There are, without exaggeration, millions of tons c 
deiiosit in Montgomeryshire, which, when the prejudices exi 
ing against its colour and those created by carelessDess j 
ignorance in the early days of its miDing, arc overcome, i 
be brought into the market at a fair profit to those who i 
undertake its exploitation. 



T/iE PHOSPHATIC DEPOSITS OF ESTRAMADUSj^ 
SPAIN? 

These important deposits extend from Logrosan by B 
tanches to Caceres, following the line of railway which i 
extends from Estramadura to Portugal. Attention was I 
drawn to them in the thirteenth century by Bowles, an Englii 
man, in a description he then gave of the natural riches of tl 
country, and in which he gave the name of phosphorite to ^ 



' Quarterly JovTtu^.Geologicai Society, ic^A 
»,. 1834. p. 175. 
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mineral, from its property of giving liglit in the dark when 
thrown upon burning wood. The deposits were referred to by 
Le Play, in 1S34, but they were first fully examined and 
described in 1845 by Dr. Daubeny and Captain Widdrington, 
who went into the inquiry as to whether the mineral would pay 
for working and for transport to England, 

The deposits consist of a series of beds intercalated be- 
tween schisly and slaty strata of probably Silurian age. The 
direction is N. 45^ E., and they dip down almost vertically 70° 
S.E. There is a granitic bed not far below their horizon in 
the strata. At Logrosan these beds are about 40 yards across, 
and the single beds are sometimes worked in open trenches to 
depths of from 25 to 50 yards. 

The beds have been regularly worked since the year 1865, 
and the phosphates imported into Great Britain have been 
estimated to reach on an average as much as 200,000 tons a 
year, 

The deposit contains a maximum quantity of 85 per cent. 
of phosphate of lime near Logrosan and Monlanches, and a 
minimum of 50 per cent, near Caceres. The beds are traceable 
for long distances on the surface. They differ from each other, 
and each one differs in composition and structure in different 
parts of its course. In all of them there is the presence of 
carbonate of lime, which in a certain measure forms a guide 
for the discovery of the phosphorite itself. There is iron in a 
quite large enough proportion, as well as of silicic acid. These 
phosphorites vary from a white to a light ochrey colour. The 
following is an analysis by Dr. Daubeny of phosphorite from 
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PbMphate of lime 
Fhuirjde of calcium 
Peroxide of iroo . 

Silica . 



The following particular description of the deposits i 
various points will give a further idea of their character. 
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1. Jifigal, — Bed recognised near a mill in the village 
Jingal, as it is entered from Tnixello. Its thickness is about 
4 ft, 6 in. It is followed for a length of about 420 yards, and 
is seen at a still greater distance. 

3, Del Ctisillon. — This bed passes under tlie church of 
Logrosan, and presents at the gate of the village a mass of 
phosphate 25 feet in thickness, and very pure. For a long 
distance the average thickness of the bed is about 6 feet. 

3. Nostra Smora dd Cmisuelo.—k bed cropping out on ihe 
side of the hill of that name. It is split up into thin beds 
which probably join in depth. 

4. Costanaza. — This bed has been followed for a distance 
of more than 2 miles. It passes downwards like the others in 
the Sierra Boyales, and reaches the base of the Sierra de 
Custova, which rises above the village of Logrosan. 

5. Terras Colorado. — A bed 2 yards thick, and proved for 
a length of 105 yards, and parallel to the next bed. 

6. Ctfm^rc ^ly'ffrt.— Which is an important bed. 

There are no organic remains in these deposits. It has, 
however, been argued that the presence of carbonate of lime 
indicates an organic origin, and that traces of organic life may 
have been destroyed by the heat evolved in the irruption of 
supposed igneous rocks close by. To this it is suIScient to 
answer that there must have been both carbonate and phos- 
phate of lime present in those early seas before organic life 
could exist, and that these substances represent the cause as 
well as the effect of organic life. 

Similar deposits to those described extend into Portugal. 
They lie, like those of Spanish Estramadura, in schists above 
granitic rocks, and their quality ranges from 65 to 70 per cent. 

While phosphate of lime is not known to occur in workabk 
quantities elsewhere in strata of Silurian age, is Franle 
nodules of phosphate are found in the calymene beds of the 
slates of Angers. 

In HuNGARv similar nodules are found in strata of the 
same age, and in Canada such nodules are found assodaled 
with the Lingulae of the Lingula flags at the base of the Silurian 
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Vocks. Spherical concretions of a. brown or black colour, con- 
taining a good deal of phosphoric acid, are found in Galicia ; 

also in the government of St. Petersburg, and in that of 
Novgorod, in rocks of similar age. 

At the lop of the Silurian strata in Shropshire, and just 
below the lowest beds of the Devonian, is a highly phosphatic 
bed, and one that is very Jnteresling scientifically, because it 
contains the oldest known remains of vertebrate life. The 
bones it contains are associated nrith crustacean remains, but 
hitherto the bed has not been commercially workable,' 

A similar bed is also fouiid at the top of the Devonian 
strata at their junction with those of the Carboniferous Lime- 
stone. Another bed occurs at the lop of the Trias strata, be- 
tween them and the beds of the Lias. In this bed there are, 
in addition to fish and crustacean remains, the bones and exuvia 
of the huge reptiles which had at this stage appeared in the 
onler and succession of life. 

There are two bone beds still higher — one at the junction 
of the Lias strata with those of the overlying Oolite, and one 
at the summit of the ' Wealden,' and at the base of the Lower 
Greensand, None of these various bone beds have as yet been 
found of sufficient thickness to pay for working ; but I men- 
tion them here as interesting from their position at the junc- 
tion of several consecutive groups of strata, and also as forming 
a source from whence may have been derived, by disintegration 
and denudation, some of the rolled and rounded nodules, 
usually known as coproUtes, which we shall have to notice as 
occurring in some of the overlying groups of strata. 

' See papers by the author in Ltisurt i 
^^cnilizcis and Fuad Pruducns,' 
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Between the summit of the Oolitic strata and the base of the 
massive beds of the chalk there is interposed a series of beds 
of sand and clay which are known as Greensatid. These 
beds are subdivided into Lower Greensand, Gauh, and Ilpjier 
Greensand. In the counties of Bedford and Cambridge each 
of these subdivisions contains a bed of phosphatic nodules, ihc 
precise position of which is shown in the section, fig. 34. The 
lowest and perhaps most important of these beds has been 
extensively worked in the neighbourhood of Sandy, and to tlie 
' P. B. Brodie, F.G.S., On a Diposit 0/ Phosphatic NaduUsonthi 
Lmmr Grtensand 0/ Sandy, Btd/ordshirt. J. J. Harris Teall, Tht Piiim 
and Wicken Pkoipkate D^ositi. Cambridge: Deighlon, Bell& Co., tl;5. 
'Kock of the Cambridge Greensand,' Harry Sceley, F.S.A.. Geoloptti 
Magasinc, lS(i6, p. 301. ' On the Phosphatic Nodules of Ccuubridgoliirc,' 
by the Rev. O. Fisher, F.G.S., Quarterly yaumai, GtotogicaJ SoeMf, 

Vol.ULiX.p. SJ. 
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north-east at Wicken and Pottoa, Bedfordshire. From the 
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section fig. 35 it will be seen that the bed lies at the summit 
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of sands about 50 feet thick, and that it is covered with similar 
sands and ferruginous sandstone. The bed varies in thickness 
from 6 inches at Potton to a feet at Sandy Heath. The bed 
is composed of phosphatic nodules and of pebbles in about 
equal proportions, and these are cemented together by ferru- 
ginous sand into a hard conglomerate. The nodules do not 
occur uniformly over a large area, but appear to run in patches, 
being occasionally absent. They vary in size from a pea to a 
hen's egg. They are of all shapes, rounded and elongated, are 
frequently pitted with minute holes on the outside, where they 
are of a light brown colour, but the interior is of a dark brown 
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or black, and they often, but not always, enclose organic re- 
mains, casts, and fragments of fossils, chiefly those of ammo- 
nites. The enclosed and associated fossils are much water- 
worn. Of these fossils some— about half— are derived from 
other strata, about ten species of mollusca from the Portland 
beds, a large number of bones, teeth, and scales of the rep- 
tiles — iguanodon and megalosaurus — from the Wealden and 
Purbeck beds, with seven species of mollusca and numerous 
teeth and spines of fish from the Kimmeridge clay. The 
extraneous shells are often so rolled and broken as to defy 
recognition. Then about eighteen species of mollusca ha\<-- 
been identified as belonging to the bed itself, inasmuch as they 
are not rolled or broken. Vegetable remains, including those 
of Cialharia Lyelli, are also found associated with the phosphatic 
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nodules. The following analysis of the samples referred to by 
Mr. Brodie will show the composition of the nodules. 

Avrraee Samplci Waibed Cflpro- 

Water or cORibiaatiOQ .... 5-17 5*67 

Phoiphoiic adil* ii*39 iS'ii 

Lime 32-73 2669 

Maenesia, alumina, and iluonnc 664 4-51 

Catbonic acidt 3*06 j-l8 

Oxide of iroD 8-oS ao-fit 

Silicioos matter ii'9J 35-11 



■Eqaal to tribasic phosphate of lime . fS'Si 3i'76 

tEqaal to carbonate of lime , 6'95 4-95 

In the course of working these deposits care has been 
taken to bring the percentage of phosphate of lime as near as 
possible to the highest of these figures, the lowest being com- 
mercially valueless. 

To the north of Cambridge, and near Ely, a similar bed, 
from six inches to a foot thick, occurs in what would seem to 
be a little higher place in the series of strata, resting as it does 
immediately upon the Gault. Thus nodules of this bed are 
richer in phosphatic matter than are those just described, a 
very full analysis by Dr. Voelcker giving the following re- 
sults :— 

Moisture and organic matter . 4'6S 

Magnesia ....... fis 

OiideoCiron »'46 

Alumina 1-36 

Phosphoric acid iS'*9 

Carbonic acid 6'66. 

Sulphutic acid 0-76 

Cblonde of sodium 0-09 

Potash 032 

Soda 0-50 

iDMluble silicious matter .... 8*64 

Fluorine and lou 4-96 
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The greater pari of the noJules seem to have been derived 
from other and older strata. Many of them show the stnictuj^ 
and markings of the interior of shells of various kinds, 
the derived fossils have plicalulK attached to them, and eve 
where they are broken plicatuls are attached to the brokfl 
surfaces. They vary in size up to a diameter of four inche 
Often they are irregular concretions, but frequently occur i 
tubes or halves of tubes. Although of a greenish cast outsid 
when broken they show a dark brown colour, and sometim 
contain scales of fishes and small shells. 

There are also fragments of bones of birds, reptiles, an 
fishes, all charged with phosphatic matter. As I have befo( 
hinted, some of these nodules may have been derived from tl 
abrasion of older phosphatic beds, whether massive or nodul 
There cannot, however, be any doubt that the water of t 
chalk sea was highly charged with phosphatic matter deriw 
first from original sources, as the deposits of Norway ax 
Canada, then passing into seaweed, bones, shells — homy a 
calcareous, and preponderating perliaps in the softer suhstai 
of the organisms themselves, and for a long time permcati 
ail substances receptive of it, and gathering itself into vario 
shapes around organic centres. 

Higher up in the series, see section fig. 34, at the suma 
of the chalk and just above the London clay, we find the b 
of phosphatic nodules worked in Suffolk. The nodules of ti 
bed seem to have been derived in part from the London cla 
and are due also in part to the operation of the causes aire 
referred to. These nodules are not so valuable in conami 
as those from Cambridge, containing as they do less phospl 
of lime, more iron, and being of greater hardness. It > 
however, the recognition of the phosphatic nature of the 
nodules by Professor Henslow, who regarded them as tl 
exuvise of extinct animals, that led to the discovering ai 
working of the deposits already described. 

In working these deposits in the three counties of Bedfor 
Cambridge, and Suffolk, the contractor pays the owner 
the soil from 100/. to 140/. per acre. The average yield 
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about 300 tons per acre, and the value — until recently — of the 
nodules about jot. per ton. When it is considered that the 
digger has to turn over from 3 to 15, someiimes lo feet of 
overlying soil and sand, and to restore the land to its original 
condition, that he has also to wash, sort, and convey the 
nodules to a railway, it wil! be plain that the price paid lo the 
landowner is loo much, and that in the face of phosphates 
more cheaply won abroad, English phosphate-digging can 
hardly be profitably carried on. The fact, as shown by tables 
given further on, is that this branch of English industry has 
declined during the last seven years, and must finally die out 
if the present low prices prevail and such exorbitant royalty 
dues are charged. This will be especially true when the out- 
crop of these beds is exhausted and the nodules, if won at 
all, will have to be followed in depth by mining. The outcrop 
o[ the Creensand and Gault strata may be followed south, 
ward to Folkestone, and ihey contain more or less noilutar 
phosphaljc matter ail along their course. On the other side 
of the Channel, around Uoulogne, they have yielded a con- 
siderable quantity of low-percentagetl phosphate of lime 10 



The production of the three counties of Cambridge, Bed- 
ford, and Suffolk, for the seven years named, is estimated as 
follows in the Mineral Stalisiics oj the United Kinplom, edited 
by Mr. Robert Hunt, F.R.S. 
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70.950 

S6,6i8 
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Phosphates have been worked regularly in the Ardennw 
since their discovery in 1852 to 1855 by Messrs. de Molon, 
Thurneisen, Rosseau, and Dessailly, 

The discovery soon passed from the limits of the Ardennes 
into the department of the Meuse, where i, 000 tons were raised 
in 1862. 11,000 tons in 1867, and at the present lime the 
production is estimated at over 40,000 tons a year. 

The strata of the region are divided in ascending order into 
the Greensand, the Cault, and the Tufaceous chalk or Gaize. 
A comparison of this description with the section fig. 34, 
show that these deposits correspond to those in the same strata 
in England. In the Arrfennes the Greensand beds repose 
sometimes upon the Kimnieridge clay, and sometimes upon 
beds of older Jurassic agethan this. In the arrondissement of 
Vouziers they rest upon the Kimmeridge clay, and they are 
developed in great strength in the communes of Grand Pre, 
Marcy, Cheviers, Soromerance, Fleville, Cemay, Chatel, Apre- 
monl, and Exermont, The formation extends in isolated 
patches to the north-east of these locahties in the communes 
of Livry de Fosse, Remonville, Andevarmen, and Barricourt, 
where it is found resting upon the Astarie bed, a bed lower 
down in the series than the Kimmeridge clay. It is also 
fonnd, but of less thickness, in the valley that descends to 
Quatre Champs and Vouziers, and in the communes of Ternon 
and Voncy it rests immediately upon the Aslarte beti. It 
advances in very fine beds upon the coral rag of Saulces, 
Faissault, Puisseux, and Norton. To the west of this last com- 
mune it is reduced to nothing. It rests upon the Oxford clay 
and upon the inferior or lower Jurassic beds in the communei 
of Neuf, Maison, Aubigny, Logny, Bogny, and to the north 
upon the plateaux of Ruraigny and the neighbouring com- 
munes. It will thus be seen that the Greensand beds rest in 

' Ed. Nivol, Notice sar Us Gisemenls it f Exploration da PkosfAai 
de Ckaux FossiUi dam U Diparliment de la Altuic. Bull. Ac. Rojjl, 
Belgium, second series, t. lU. — xl., 25 — 40. 
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ta in which [he latter have been 



^^ess^o^s of the Jarassii 
c or less worn away. 
In the Meuse the Greeosand beds extend parallel to the 
two banks of the Oise, a tributary of the river Aisne, from 
Montbtainville on the northern limit of the department lo 
Clermont in Argonne. In all ibis region ihej'repose upon the 
Portland limestone that forms the solid rock of the valley. 

The total thickness of the Greensand in the Ardennes and 
the Meuse is from 90 to 140 feet. The superficial area 
covered by these beds is estiraaied at 36,800 hectares. 

In the School of Mines at Paris there are samples from all 
the points worked within this area. The phosphate beds 
occupy two distinct levels, one in the Greensands and one in 
the overlying Gault. The first oi these beds, or group of bed;,, 
is encased in ochrey and greenish sands which range from 9 10 
16 yards in thickness. This whole deposit is fonued of fine- 
grained sands and clays, which are mixed more or less with a 
great quantity of sihcate of iron. The general composition is 
silica 52"oo, protoxide of iron iS'oo, with 7-00 to S'oo of 
alumina, and the same proportion of magnesia. 

There are two groups of phosphatic nodules contained in 
these beds. The first group is composed of white and grey 
nodules of the shape of nipples. They range in size from that 
of a walnut to that of a fist. They are veiy compact and of a 
metallic lustre. The interior is formed of an agglomeration of 
little grains of green chlorite in a phosphatic cement, a certain 
number also appearing in the encasing rock. The other group 
consisls of black or dark green nodules often cemented together 
and penetrated around the outside with grains of the enclosing 
mck, and with crystals of iron pyrites or of gypsum. They 
■ire also mixed wiih iron pyrites and are impressed with casls 
ut shells and of serpuls, with traces also of coraline forms. 
The structure of the nodules of this group is more compact 
than that of the first. They are richer also in phosphatic 
matter, containing 55 to 60 per cent., while those of the first 
group only contain 40 to 45, In this respect, therefore, it 
will be seen liiat they res;mble the two groups of the phos- 
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phatic noduks of similar beds in Russia, as described on 
page 158, except that these two classes of nodules occur in the 
same bed. The thickness of the bed is usually from 6 to S 
inches, sometimes not more than from 2 to 4 inches. It differs 
a little in its exact place in the Greensand, being sometimes 
quite at the base and sometimes a little higher up in the series. 
The extraction is by open workings of a usual depth of 6 to 7 
feet. At Jardinet, west of Varennes, the workings extend to a 
depth of 15 to ao feet. The nodules receive from the workmen 
the not over polite name of ' dung of the devil and his rogues.' 

The Gault lies upon the Greensand, and is about 50 feet in 
thickness. It is composed of green and greyish green clays, 
sometimes brown, dark brown, and nearly black. These claj's 
are plastic, and are used for the manufacture of tiles and 
pottery. They are sandy at their base, and pass gradually 
upwards into clay ; balls of iron pyrites are scattered throughout 
them. Phosphatic nodules are also disseminated through the 
mass. These consist of corals and sponges, and the phosphatic 
shells common in tlie lower bed. A great number of these 
shells are ammonites and hamites, with some gasteropoda am! 
lameUi branchiate shells. There are also teeth of fish, and 
fossil wood. These nodules are as rich in phosphoric acid 
as are the dark-coloured nodules of the bed in the Greensand. 

Above the Gault is the deposit locally known as La Gaiie. 
This occupies the place of our Upper Greensand. It is here 
a lenticular deposit intercalated between the Gault and the 
chalk marls. It forms a chain of escarpments about goo fed 
high, which follows the left bank of the Oise. It is a tender 
and porous rock of a whitish yellow colour, passing in its lower 
part to a grey rock much more clayey than the upper part. 

The phosphatic nodules lie about 1 5 yards above the clay ol 
the Gault. They are known as 'nodules de Gaize' or 'coquins 
de Gaize.' They range from a dark grey to black in colour, 
and have a polished surface. Their interior is formed of grcyisb 
matter, in appearance like the surrounding rock. The nodulcj 
are similar to ihose of tke Gault just described, and the fossili 
e nearly identical. 




The nodules of the Ardennes and the Meuse yield a. 
maximum of 35 per cent, of phosphoric acid, equal to 55° of 
phosphate of lime. In general composition they are similar 
to those from our Bedford and Cambridge deposits. Probably 
they contain more iron and alumina, and from their inland 
position can hardly be exported successfully. 

PHOSFHATIC DEPOSITS OF BELLEGARDE, LA PORTE 
DU RHONE. 
These deposits of the south of France are of similar charaaer 
to those just described. They were referred to by Brogniart 
in 1S22. and by various writers up to Risler in 1872. They 
occur in the environs of Bellegarde, Lanorans and Mussel 
being tlie principal localities where works have been carried 
on. The deposit worked answers stratigraphically to (he base 
of the Gault and the phosphatic matters contained in fossils and 
iheir fragments, some of which have a rolled appearance. 
There are few if any nodules of a coprolite appearance. The 
]>roportion of phosphatic fossils to the entire mass is about 
one-fifth, and experiments show the following results with 
regard to the fossils named. 



PhoiphaK 



Animonite . 
Inocoanie . 
Giyphea 
Nautili 



S2-. 



23-(iO 

3355 
Has 
19-60 



. 6530; 

Dr. Voelcker gives the following analysis of a sample of 
Bellegarde phosphate, and he states that the sample was lighter 
in colour than the Cambridge nodules and was softer, and so 
more easily ground to powder. 

MoiBliue and water of cotnbiDalion . 1-79 

■ Phosphoric add 35*10 

Lime +o- 1 1 

Oiidc of iron and alumina 1 g 

IiuolDble EilicioDs matter .... 17-63 



Equal to 54-79 pi 



nl. of phosphate of lime. 
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Deposits of similar age to those kst described are also 
worked between Montpellier and Avignon. The order of ihc 
strata, in descending order, is ; — 

t. Diluvium. 

X. Maria and sands, with accasional aoduln of phosphate reichinf 
(o a thickness of So yards. 

3. Sandy day, Gault proper, from 7 to 8 yards thick, with peen ptim 

of glauconile. This is sub-divided into — 

(a) Bank aiftrisr, yellowish gray day, about j fl. 9 in. 

thick. 
(S) MiddU, blui5h green day, about z ft. thick, divided froa 

the Dcxl below by 6 ft. 6 in. of green sandy mail, 
(f) Inferior, composed almost entirely of friable shells among 

0. green dayey sand. Base of Gault. 

4. Aphen, superior, 6 yards \ Greeasand. 

5. „ inferior, 16 „ ) 
b. Phosphalic nodules. 

In this bed the phosphatic matter is concentrated in the 
debris of fossils. The bed is largely made up of fossils, mostly 
in a rolled form ; but many shells are found in 3 perfect state 
of preservation, and they assimilate in their general character to 
those of the Gault. There are few, if any, of the rolled, shape 
less nodules, designated in England as coprolites. It 1- 
interesting to notice the proportion of phosphate and carbonji. 
of lime contained in each of the principal shells. 

The general colour is lighter than that of the Bedford ami 
Cambridge deposits, and the quality is higher than that ui 
those deposits, and also those of the Ardennes. Dr. Voelcket 
gives the two following analyses ; — 



Moisture anil water of combinali 


DQ . 279 


^■qs 


■ Phosphoric add 


. IS- 10 


17-76 




. 40-11 


4f88 


Oxide of iron and alumina . 
Fluorine .... 


; } H'js 


.0-56 


t Carbonic add 




7-10 


Intoluble silicioui matter . 


. n-ei 


975 
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In i\\e Journal tfAgriaillure Prntique of the year iSyj 
H, Yermdow drew atlention to the rich deposits of phosphate 
of lime existtDg in the cretaceous rocks of Russia. 

The deposits extend between the rivers Desna and Don, and 
they traverse the governments of Smolensk, Orel, Koursk, and 
Voronife, presenting a level line of length of about loo miles. 
Along this line a vast quantity of phosphate of lime is estimated 
as available for working. 

The discovery of these Russian deposits of the mineral, as 
far as their application to agriculture is concerned, dates from 
the year 185S. In the earlier part of the present century 
geologists, among whom was the late Sir Roderick Murchison, 
liad noticed in the neighbourhood of the towns of Koursk and 
Voronife blackish stones, which they took to be ironstones. 
These stones, known by the popular name of samorod — black- 
stone or homstone — had been worked from time immcmoriaJ, 
for the construction and repairs of streets and roads. 

In the year 1850 M. Kiprianow, a Russian engineer, who 
had used the stones for this purpose, gave an account of his 
observations in the GazrIU de Kmrsk, in which he spoke of the 
mineral as iron. He at the same time sent to various learned 
men samples taken from the deposits. 

In 1858, as the result of the analyses and researches of 
M. Khodnew, Professor of Chemistry at St. Petersburg, it was 
ascertained that the samorod was laigely composed of phos- 
phate of lime, and in different places of varying proportions of 
carbonate of lime, oxide of iron, and alumina, all of which 
were mixed with the clay and sand that constituted the rock. 

In 1861 M. V, Solsky, in the ^n'i« .fJ^/fo/?, contributed 
a series of articles on the agricultural value of the deposits, 
while MM, CLaus and Guiiemin had, by their researches and 
analyses, arrived at similar conclusions. 

In 1866 Professor Engelhardt, of St. Petersburg, accom- 
panied by M. Yermelow, received the official mission of ex- 
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ploring the deposits, and from their reports we gather thai the 
deposits lie under the white chalk, and are continued down 
into the greensands and sandstone below, the general descend- 
ing order being : — 

1. Soil. 

2. Diluvial beds, 

3. Clayey tnarl of a varying thickness. 

4. White chalk. 

5. Sandy mar!, with phosphatic nodules scattered throughout J 
the mass. ' 

6. Greensands, in which are one or more beds of phosphate 
of lime from 6 to iz inches thick, in the form of nodules and 
coucretioos, which are often cemented together. 

The number of beds ranges from one 10 seven ; but of the 
higher number there is seldom more than two of irapoitance, 
the rest being simply strings. The phosphatic nodules of the 
beds are intermixed with grey, brown, and yellow sands. The 
depth of the beds from the surface is very variable. Along its 
outcrop the nodules are mixed with the surface soil, while at 
a distance of a few hundred yards along its dip they are a 
good depth ; but as the strata rise again to the surface, fontiing 
a shallow trough or series of basins, the maximum depth is not 
very great 

The general direction of the beds is from north-west to 
south-east, from Koursk to the little town of Koomy. In the 
north-west portion of this belt tiie chalk beds are much de- 
veloped, so that it is difficult to reach the deposits in depth. 
To the south-east the beds of the greensand prevail, and the 
deposits are more accessible. The encasing rock, whether of 
chalk or sand, both above and below the deposits, contain 
phosphatic matter, those below containing the largest propor- 
tion, and are most compact in their character. 

The character of the nodules is variable, each deposit or 
locality having its special features ; but these may be broadly 
divided into two very distinct groups. 

The first presents the form of nodules, round or kidney- 
J, of variable size, black, brown, grey, and green in 
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* colour. To this series belong ihe separate nodules, which are 
usually less rich. The second is ao agglomeration of very 
large nodules cemented together into a sort of flag, which used 
to be quarried for road purposes. These nodules are richest 
when most dense, and of a deep black colour, the sandy, friable 
varieties being comparatively poor. The density, texture, and 
colour vary in different portions of the same beds. The 
cement enclosing the nodules is also phosphaiic — numbers 
of fossils and fragments of fossils, bones, shells, corals, sponges, 
and wood. These are taken as belonging to the age of green- 
sand, and they are richest in phosphoric add — 30 to 35 
per cent. 

In the governments of Tambow and Spaask the principal 
phosphate bed is covered by a bed of greensand, with grains of 
glauconite and nests of mica. We have seen how closely 
associated that last mineral is with the apatite of the older 
rocks of Canada and Norway. The following list will show 
the variations of the proportions of phosphatic matter in 
differeRI parts of the area described : — 

Pboipkoric --y^j ig Ploiphate 
Zorino . .14-47 3'*59 

Kotennaya l''^ 3^78 

Yablonetz zi-oj 47'6l 

Kolawetz 17*14 S9''^' 

Kouisk >4'^S 3D'o8 

NendowHiche i6-ir 3i'i7 

Otlinoye Guesdo .... 18-48 40'jJ 

The following analysis by Dr. Voelcker shows the genera! 
composition of the merchantable qualities of these phos- 
phates : — 

Moisture and whIm of combination .... 3-55 

Phosphoric acid 11-4* 

Lime 33-84 

Oiide of iron, alumina, fluoriDe, caibonic acid, Sic. . 9-94 

lus.lubie silidoui matter 3^'^S 



These deposits occupy the same geological horizon a. 
ford and Cambridge. 
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In the year 1850 M. F. Sandberger had distinguished t 
jihosphate of the neighbourhood of DicK as a mineral of n 
ganese. Later M. Meyer, in searching for manganese in tl 
neighbourhood of Staffel, discovered a stony mineral whi 
eventually proved to be phosphale of lime. The working c 
mines at Staffel for this mineral dates from 1S63. and samplfl 
were shown at the Paris Exhibition. In July, 1864. Profes 
Fresenius and M. Moh, of Coblentz, made analyses of tbd 
mineral, the results of which led to the discovery and expio) 
lion of new beds and deposits, and the whole question alcracie 
the attention of eminent English agricultual chemists a 
gentlemen engaged in Ihe manufacture of chemical manum. j 
In the summer of 1867 I was engaged in the examinat 

' D, C. Duviet on "The Deposits of Phon|ihiiE of t-Une h 
coveted in Nossdn, North Germany.' — GtstffgUal Magaiint, 1868, p. 1 
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of about fifty mines and mineral propcrtie cootjuning phos- ^| 


phorite within the area to be desoibed. 
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The general results of this examina- 




tion were published in the GeoJegiai/ 


vU 


Magaziiu of the folIowiDg year. 


, j; 


To the description contained in 


i 


t- ii 




= '! 


some of the more practical details and 
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?r- 


results which were then confined to a 




S '1 


private repori. The prinripal phos- 


(J ; ~ J 


phorite deposits of Nassau occupy an 


5. =s 


irregular area, bounded on the north- 




\%\ 


east by the town of Weilbtiig, on the 




^ \y. 


north-west by the Westerwald, on the 




■ %'' 


east by the Taunus Mountains, and on 




Hi 


the south by the town of Dietz. South 




s-i 


of this point, as well as to the north-east k 




ifl 


of Weilburg, there are traces of the ^ 




lil 


occurrence of the deposits; but from T 




the nature of the underlying rock they 1 




are limited in extent. Inside of the ' 




3 "S* 


eastern and southern boundaries of this 




ill 


districl flows the river Lahn, which is 




made use of at various points along its 




ll 


course for the purpose of washing the 




mineral from the surrounding clay, as 




|2 


well as for the carriage of the washed 




material to the junction of this river 




' c 


with the Rhine at Oberlahnstein, about 


K^ 


J1 


three miles above Cofalentz, The sec- « 


|w 


111 

♦ 1:1. 


lion, fig. 36, will give a general idea 


(^ 


of the geological structure of the dis- 
trict. 


i 


The basement rock of the district 


\m 




(1) is porphyriiic, varying in colour 




from dark to light grey and green; the gi 


een 


is thickly 


studded with cavities containing softer felsp 
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athi 

■ 


and cal- 



EARTHY AND OTHER MINERALS. 

s matter, whicli, aftet long exposure to the atmosphe 
disappears. 

Upon this ruck, in its many cavities, rests a. thick i 




cession of slaty and shaly beds {i) — Schieffnfem, These, i 
shown in an admirable section on the road&ide south of Wd 
burg, are often greatly twisted and contorted. They i 
probably the equivalent of the slaty beds worked at Wist 




(. cur. t. 



bach to the north-west. These are overlaid by a great thidi 
iiess of dark red sandstone beds (3) {Spirifer Sandildn, \ 
bftbly), which in iiloces contains and is overlaid by hicm 
(k'poiiits, ivhich ate largely worked. Over large portions oTdl 
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disUict these rocks arc capped by a great thickness of massive 
litDestoce (4), locally koorn as Dvlomii, and being probably the 
equiralent of the EiJel limestone and of the limestones in oui 
middle DevonUn series — the Ilfracombe slates and timestones. 
h is resting upon this, deposited in cracks and dislocatiijns, 
fig. 37, and in v.-aier- 

wom holloK^ and rai« ty^-' ."O*^-'"-'*''^ Mii»«>.^ii..j» 
abrasions, figs. 38 iyil I "' ■ - . ...^ 

phatic deposit (5) is 3^^® 'j^'^.t:^ v"^;'":?'";^"^;?i:\yV^ 
found, the whole ^^S^^^^^^^^^S^^^^^^ 
series being crowned "^ ^ x*^^^^*.;^ 

with a covering of Fus. m.— Skiiom op PMOiFaoun ira> AitLii, 

brown clay (6) ( Than), _ 

... '^ . ' i.Qa.jtjtnml. ■.StiiTCUv. j. Phcartoiile mlln. 

which sometimes as- ivinnxiiiili>lud<Riu>dedE»oiUi»iiuiiB(4). 
sumes a shaly appear- 
ance, and which also, in its upper portion, occasionally con- 
tains numerous fragments of the adjacent rocks. 

The deposit occurs in the form of concretions embedded 
in a matrix of clay. These concretions are most irregular in 
shape, and they vary in si^e from that of an apple to grc/it 
masses, conglomerations of concretions, weighing several tons. 
It would also seem as if some of the original concretions had 
subsequently 10 their formation been subjected to a good deal 
of attrition. This is indicated by the preponderance of small 
fragments, decreasing in size to that of grains of sand. Where 
the deposit assumes this form it is known locally as Washslein. 
Besides the phosphate of lime there are also deposits of 
haematite and manganese occurring with il in just the same 
position, and resting within the inequalities of the underlying 
limestone. As far as my observation went these deposits art- 
found in bulk around the outer margin of the northern half of 
the phosphatic area, although there are some of considernbit- 
size in the more central portions o( the district. Il would 
abo seem that some portions of these two minerals were held 
in suspension or solution by the water, and deposited nloni; 
with phosphatic matter. They give the deep yellow and brown 
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colours to some of the concretions, increase their hardness; 
and have so permeated the phosphatic matter in places as to 
considerably lessen its commercial value. 

Along the north-western and north-eastern boundaries of 
the area, where the deposits border on the development of the 
older rocks, we find the greatest admixture of these extraneous 
matters, and the percentage of phosphate of lime ranging below 
50 per cent. ; but southward, on the great mass of limestone 
extending from south of Weilburg to Limburg, Staffel, and 
Dietz, the deposit improves in quality, is white and creamy in 
colour, and contains in places, as at Staffel, as much as ga per 
cent, of phosphate of lime, when it yields some beautiful crys- 
talline forms of apatite. 

As might be expected from the mode of its occurrence, thfe 




i 






r 



I 



deposi s e y rr gu n h kne S ary ng n 
from 6 inches to 10 feet. Fig. 40 represents its appearance 
a mine at Opheim, a little to the west of Limburg. Gena 
speaking it attains its greatest thickness on a line rand 
north-east and south-wesl along the centre of the undetln 
limestone, and it thins out gradually 10 the north-west f 
south-east. To the north-west and west the brown day ll 
becomes thinner, and is found covered with a splintery g 
(Quarts^escAiebe), the detritus of the neighbouring i 
Subject to local variations, the phosphatic deposit seems 4 
extensive with the area of the limestone, its presence or absc 
at particular points depending upon^ist, whether there | 




ridge or depression, or series of depressioDs, in ihe limestODc ; 
3tid, tile presence in force of luematite and nunganesc de- 
posits J and, 3rd, the possibility of its having suffered denuda- 
tion in exposed places since its depositioa. 

The day is fiom 10 to too feet thick, and the method of 
mining is, when the clay is thin, to strip It off and work the 
deposit in an open work, as at Cubach, fig. 38 ; when the clay 
is thick a number of small shafts, about 4 feet diameter, are 
put down and commuoicatcd with each other by following the 
deposit underground. If the clay is wet or sandy, these shafts 
are secured by wickerwork. They are worked by windlasses. 

The workings underground are most irregular, their direc- 
tion being dependent upon the presence or otherwise of the 
phosphate. At only one group of mines, ' Heckolshausen,' 
did I see any attempt at artificial ventilation, and there the 
workings were low and wei, and the air very bad. 

I have assumed at the head of this chapter that Ihe de- 
posits are of Tertiary age, and 1 would place them among the 
oldest of the Tertiary deposits — older than those of Tam- 
ei-Garonne, to which, in some respects, they bear great 
resemblance. 

To the inquiry, Whence came such an amount of phosphatic 
matter ? Several answers have been given. It has been sup- 
posed to have been derived from immense shoals of fish and 
other organisms which crowded the shallows of the limestone 
sea, and whose remains were deposited in the hollows and 
crevices of the rock. It has also been suggested that the 
phosphorite owes its origin to the emissions from below 
bringing up phosphoric acid ; and, further, that the phosphate 
was dissolved out of the porph>Titic rocks, as well as out of the 
limestones, by the action of carbonic acid. Primarily we 
must, I think, call to our aid the influx from below of phos- 
phoric acid, aided, secondly, by the supplies derived from the 
dissolving of the older rocks. These two sources being com- 
patible with the idea that hfe would be abundant in a sea of 
the geologic age, this would be charged largely with phos- 
phatic matter, so that there was first of all an abundance of 
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this essentia! element of organic life. The growth and det 
of organic life would, in its turn, help to increase the quai 
of phosphatic matter. There are not, it is true, any dist^ 
organic remains in the deposits ; but the structure and s" 
of these may have been obliterated by chemical action. 

The specific gravity of the different colours is as follows ?■ 



the quality deteriorating with ihe density of colour. 
The following are some of the mineral analyses :— 
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The following are more recent and more detailed analys 
of the richer sorts by Br. Voelcker, of specimens from tiM 
neighbourhood of Staffel :- 
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No. ,. 
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Water 
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The first table, however, represents more correctly the average 
quality of the Nassau phosphorite ; indeed, if we include the 
small stuff (washstein), the result is above the average. The 
cost of raising, dressing, and washing, with carriage to the 
river Lahn, amounts to 26s. to 30s. per English ton j ihe 
freight to Oberlahnstein 3^. to 4J. In order to send to England 
the mineral has to be reshjpped on Rhine barges, and again 
reshipped upon seagoing craft. So that it will be seen that the 
German phosphates cannot be sent profitably to England, and, 
except with the higher qualities at the first, they have not. 
They are, however, largely manipulated at works established 
upon the Rhine. 



The important phosphatic deposits of these departments in 
the South of France attracted attention towards the close of 
the Franco-German war. In the year 1S71 M. Daubre, of the 
Ecote des Mines, visited and described them, and since then 
an important industry has sprung up. 

The phosphatic region is situated in the north-east of the 
department, on the right bank of the river Aveyron, in the 
neighbourhood of Montauban. The deposits occur on the 
summit of a great plateau which is interrupted by valleys of 
erosion. The basement rock of the country is Oohtic, princi- 
pally the divisions Oxford clay and Coralline rag. From 
underneath these strata, at some distance, rise the granite and 
gneiss of Aveyron, and the district is not far from a recent 
volcanic region. Upon the Oolitic strata rest Tertiary beds, 
which are clayey and sandy bed.s of the Eocene strata. 

Fig, 41 will shew the geological position of the phosphate 
bed with its contiguous strata. 

The surface clay is yellow, red, and brown. It is strongly 
coloured by the oxides of iron, and intercalated in it are beds 

' ■ Phosphiites de Tani-el-Ga;onne.' pat M. Lescuie, Bullitin de la 
Socilti Gtolagique de Prana, Third Series, torn. iii. 
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of pisolitic iron ore, which have been much worked. Near t] 
surface there are embedded in the clay the bones of livi 
species of animals, and lower down there are numerous boat 
of extinct species, carnivorous and herbivorous, all huddl 
together, and strongly cemented as a breccia in a reddish daf j 
The c!ay on the surface does not give any indications of tf 
phosphatic deposits below, but these are sought for where ther 
are hollows indicating abrasions or fractures in the underlyio^ 
rock. 

The phosphate of lime is found in tubercular and kidni 



Maili and Sud>. i. Enrnii Marb aad Sindi. 
inlte EdfFt of Oolilic ScnU (J). I, Cnckjuid Fi 
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shaped concretions in the cracks in the underlying limestoM 
as shown in fig. 4 1 . They are intercalated vertically in the O 
in day of reddish-brown and yellow colours, and o&eD, 1 
occurring as thread or ribbon-like masses. They are someu'a 
white in colour, more trequently grey, with a waxy lustre and a 
opal-Itke appearance. Dr. Voelcker' says that he has t 
the while and opal-like spedmens most rich in phosphoric ti 
those of a yellow or brown colour less so — this being t 

' ' Oo the ChemicBl Compusiiion of Photpliiilc Mineral* nied | 
AbtcuIIujbJ Purposes," journal 0/ lAe Royal AgricuUural S0CU9 A 
England, Second Series, vol. li. pW a. 
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ordinary kind, while those of a dark brown colour are of 
an inferior kind. In these respects, as well Jis in the 
mode of their occurrence, it is interesting to compare these 
deposits with those of the valley of the Lahn, in Nassau, 
Germany. 

The richest quarries or mines are those worked in the most 
vertical cracks, and those having a north-east and south-west 
direction. The quarry of Larnagol, in Lnt, may be taken as an 
example of the rest of these mines. It is 35 kilometres north- 
north-east of Malperie, and is situated at a height of 360 metres 
on [he summit of the plateau of Oxford clay. It Is divided 
into three or four exploitations. It has a north-east and south- 
west direction; at the south-west end the clefts and veins running 
north -north-west and south-south-east are richest. From this 
end a large quantity of phospltaie has been extracted. The 
veins at the north-easl end ate, or were recently, followed 
profitably. 

The phosphaiic concretions in these cracks have been 
supposed to owe their origin to geyserine ejections, also to 
infiltration of water charged with phosphatic matter derived 
from the bones in the overlying clay, and also to the same 
substance abounding in the iagunes of the Kocene sea. From 
the absence of organic remains, as well as of small particles of 
bony structure, we must, I think, attribute the origin of the 
deposit chiefly to causes Hnked with the first of these hypo- 
theses, and regard these deposits as the result of phosphatic 
matter deposited pure and simple on the rocky floor of an 
Eocene sea from water largely impregnated with it. The 
Iagunes would form deposits of a different character, resembling 
those at the summit of the London clay — that is, concretions 
around organic centres. 

The phosphates from these deposits are known in England 
commercially as Bordeaux phosphates, being shipped from that 
port. At first the percentage of phosphate of hme ranged as 
high as 70 to 74 per cent.; subsequently it did not average 
more than 60 per cent. 

The three following analyses, each of which I have selected 
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as the average of a consLderable group given by Dr. Voelcker, 
will shew the composition of the naineral. 



MoUlure . . . . 
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Tff£ PHOSPHATIC DEPOSITS OF CAROLIl^A, 
AMERICA.^ 
These deposits, so important from their extent and com- 
mercial value, seem to have been first noticed by Ramsay in 
1797, in the History of South Carolina, who spoke of them as 
remarkable discoveries of phosphate of lime. They again 
attracted attention in the year 1837. In November of thai 
year, in a plain of rice about a mile from the river Ashley, in 
the parish of St. Andre, Mr. Holmes found a number of rcil 
nodules, very hard and covered with impressions of marine 
shells. These nodules were spread over the surface of the soil. 
and they were heaped up in places as so many stones, so as 
not to hinder the cultivation of the soil. Mr. Holmes having 
some knowledge of geology and palasontology, the shells, 
bones, teeth, and corals mixed up with ihe stones attracted 
his attention, and many of them were added to his colteclion 
of fossils. He pursued his studies and researches until the 
year 1842, when Mr. Ruffin was charged by the legislature 10 
make an inquiry upon South Carolina from a geological anJ 
agricultural point of view, that gentleman having succeeded for | 
some years in fertilizing poor land in Virginia with marl con- 

' Bijlinski, ' Rapporl lurles Phosphates des Cham de la Caroline Ja I 
Sud,' Saciite GMogiqui de Nurmandie, tome ii., 1875. 





taining about 25 per cent, of phosphate of lime. It was felt 
that the same results were possible in Carolina, and the 
farmers were eager for all the beds of marl and calcareous 
earth that could be found, Mr, Ruffin examined the country 
with great care and fo^ind extensive beds of marl. From 
samples collected from different localities he found marls con- 
taining carbonate of lime ranging from 50 to So per cent. 

Nevertheless, Ihe results obtained in Carolina from the 
application of these marls were not equal to those obtained in 
Virginia from poorer marls which were more easily attacked 
and dissolved by the liquid acids, while those of Carolina were 
so intimately mixed with silica, oxide of iron, phosphate of 
lime, and other substances. Upon calcining these Carolina 
marls, however, they were found 10 be more powerful ferti- 
lizers than those of Virginia. Among other samples the 
nodules found by Mr. Holmes were submitted to Mr. Ruffin, 
but not finding carbonate of lime in them to any extent, that 
gentleman regarded altogether as improper their employment 
as fertilizers. 

About the same period, Professor Shepard, with Messrs. 
Lawrence Smith and W, Harmer, studied the question of the 
employment of marl in agriculture, but they also failed to 
distinguish the Ashley nodules from ordinary marl. 

The experiments in marling went on, and searches for the 
material were made among other places on an old plantation 
near Charleston, In digging and proving the soil, at a depth 
of about two feet, a regular bed about one foot thick of rocky 
substances fixed in the clay was reached. These substances 
were covered with shells, and were evidently identical with the 
loose stones of the same character found spread over the plain. 

Under this bed lay a marl bed of a yellowish colour, and 
containing 61 per cent, of carbonate of lime, passing into a 
marl of a greenish colour, containing up to 71 per cent, of 
carbonate of lime. 

Mr. Holmes did not neglect the opportunity of studying 
and comparing the different rocks with those discovered by 
him, but without as yet aniving at any definite or useful results. 
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In 1848 a Mr. Tuomy paid some atteniion to the rock, aad " 
noticed especially the comparative absence of carbonate of lime 
in the lower marls, which he attributed to a different chemical 
condition of the water in which it was deposited. 

In 1S50, Mr. Holmes, in a paper read before the American 
Association for the advancement of Science, noticed the 
interesting character of the rock chiefly on account of tlie 
fossiliferous nature and of its fcetid odour; he also noticed the 
disparity between the amount of carbonate of lime in the rock, 
2 per cent., and that of the underlying marl, 60 to 70 per cent. 

Up to the year 1867, or thirty years after attention had 
been drawn to these deposits, the true character of the rock re- 
mained unknown, so that in 1859 Colonel Hatch amassed a 
great collection of the bones of extinct animals for the purpose 
of making manure, being ignorant of the properties of this 
nodular rock. So also in 1867 Messrs. Dakes & Co., who 
had formed with Dr. St. Julien and D. C. Ebaugh a company 
for the manufacture of manure, imported phosphatic rock from 
Nevassa, whilst ihey had close at home a large available supply 
of the mineral. 

In 1S67, Dr. St. Julien, having received from Dr. F. 
Glidding specimens of teeth and bones found in a plantation 
called 'The Elms,' belonging to Dr. Glidding's father, exa- 
mined them carefully and recognised their true character. H . 
therefore began to collect for himself the nodules found on iht 
banks of the river Ashley. He sent one of these nodules I" 
Dr. N. 0. Pratt for analysis. This contained 34 per cent, of 
phosphate of lime. A specimen belonging to Mr. Holmes was 
found to contain 60 per cent. Mr, Holmes, foreseeing the 
value of these nodules as fertilisers, went to Ashley ferry, ami 
studied the rock in situ, with a view of ascertaining the thici 
ness and extent of the bed, and the results of his visit in thi;5i. 
respects was eminently satisfactory. At this juncture the 
attention of Messrs. Pratt and Holmes had been directed by 1 
book of the late Professor Ansted's to the phosphatic deposits 
of Cambridge, and they were struck with the resemblanct 
between the character of the two deposits, as well as iht 
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apparent geological age, although in this ihey were mislaken. 
Convinced ihey had an important source of profit, they formeii 
a company in Philadelphia, called the Charleston Mining and 
Manufacturing Company, wilh a capital of four million francs. 
The following table shows in descending order the geo- 
logical position of these deposits, which is further illustrated by 
the sections, figs. 43 and 43. 

Age. 

1. CitltiTated soil. 

Man and living animak. 
Place of Ibe glacial clays, sands, and 
gravels o( Europe. 

2. Sands and fragmenis oC shells .... 

J. Rocks of phospbale, yellow and green- ' Post- Pliocene. 
^- ill) mail I 
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The lowest of these beds, No. 4, should in ordinary course 
rest upon Miocene strata, but these are absent, and it rests 
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I, EoccuMuli, 1, Sand, j. I'husph^In. < 

directly, as shewn in the sections, figs. 42 and 43, "pon 
Eocene strata. 

The organisms of the phosphatic bed consists of corals and 
coralline structures ; ihe teeth and bones of marine animals re- 
sembling alligators. Few, if any, remains of terrestrial animals 
are found in the rock itself, although they are found among 
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the nodules strewn upon the surface. These marine organisms 
seem to have been deposited in the deeper portions of an 
otherwise shallow sea, which probably was fed by the waters of 
the Atlantic bringing and leaving the molluscan, zoophytic, 
and crustacean life that abounded in its shallow waters. 

The deposit is in hollows and pockets in the strata below, 
and varies in thickness from fifteen inches to three feet. The 
quantity of merchantable phosphate of lime contained in it 19 
estimated at from Soo to i,ooo tons per acre. The deposit has 
been traced over an area of about 50 square miles, and it is not 
yet known how much greater its workable area may be. 
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The bed just described is known as the land phosphate, but 
on the banks and in the beds of the rivers are the river phos- 
phates of a similar character, and probably the same deposit 
as shewn in fig. 43. These also have been proved as extending 
over a large area, so thai for extent and facilities for cheap 
working and transit these Carolina phosphates are unequalled 
by any other. The average quality, 53 to 54 per cent., is not 
high, but they are good workable phosphates. At the pre- 
sent time they form the chief source of our supply in this 
country, although the increasing demand (or them in America 
is gradually effecting an increase in price which, if it progresses, 
will lead us to turn to the hitherto neglected sources of supply 
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dt home. The annual amount of Carolina phosphates imported 
into this country during tlie last ten years may be taken at 
170,000 tons, of the value of ^500,000. 

Dr. Voelcker gives the following analysis illustrative of the 
composition of the Carolina land phosphates:— 
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matter .... 
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A full analysis by Dr. Charles H. Shepherd of Charleston, 
is also given below. 

Analvsis o» Ground Land-Rock Phospratbs madk by Dh. 

Charixs H. Shhpherd, jun.. Charleston, South Carolina, 

March 2ind, 1879. 

Moisture 0-48 

Organic matter 4-30 

" Carbonic acid 3-63 

Snlpboric acid 2-18 

t PbosphoKe acid 27'*4 

Lime 4::-68 

Magnesia 0-57 

Scsquioxide of iron 3-80 

Alumina t-ln 

S^nl and insoluble silicious matter . . ■3'i7 

Undelermiiied mailer 0-88 



• Equivalent in earbonpte of lime 

t ., „ bone phospbalc of lime . 



176 EARTHV AND OTHER MINERALS. ^H 

The reader interested in the working of English and Welslr'" 
phosphates may compare the above particulars, particularly the 
amounts of oxide of iron, alumina, magnesia, and carbonic acid, 
with the later analysis from bulk of the Welsii Silurian phos- 
phorite given in Chapter VIII. 

I have thus noticed the principal deposits of this mineral ss 
they are found in the Laurentian, Silurian, Cretaceous, and 
Tertiary strata, and it only remains now for me to refer briefly 
to those apparently veiy recent deposits which are found on 
and surrounding the coralUne islands of tropical seas.' 

Alia Vela. — This is a small island near St, Domingo, from 
which phosphate of hme containing a good deal of alumina is 
obtained. Some samples do not show more than 43 to 44 per 
cent, of phosphate of lime. An intermediate sample tested by 
Dr. Voelcker gave the following result : — 

M™'"" ^9-,, 

Water of combinfllion i 

• Phosphoric acid ^^"iZ 

Oxideof iron 7'jj 

Alumina 10-21 

Insoluble sUiceouB matter .... 26*93 



■ Equal to tribasic add 



57-26 



Owing to the absence of hme and the presence in sui;li 
large quantities of oxide of iron, alumina, and insoluble siliciou. 
matter, this phosphate, with that of Redonda, is not adapted i: ■ 
the manufacture of superphosphates. It is, however, used in 
chemical works for the production of alum, in the manufactut.. 
of which it yields an impure phosphoric acid which with S3H> 
of ammonia and other fertilisers may be worked up in^' 
chemical manures, 

Aruba Island. — This is one of the Leeward Islands of ih^ 
Caribbean Sea. It is situated in 11° 3G' N. latitude and 70 i 

' Dr. Voelcker, ' On (lie Chemical Composition of Phosphalic Minenl* 
used for A[;riciillural PurposeE,' Journal of Iht Hoyal AgriCHUx"! 
Socitly, No. ixii., part ii. This papci cout.iins very numerous aoalj'SM ' 
"~ rem kinds of phosphates. 
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W. longitude. The island also contains gold, which has been 
worked more or less since the year 1824. The phosphate is a 
hard rock-like mineral from )'e!!ow lo light brown in colour, 
with dark brown spots and bands, veins o( calc spar. The 
qualify ranges from 60 to 75 per cent, an average sample 
shau'ing the following result : — 



t 



Moislnre and water of combination 
• Phosphoric acid 

i Carbonic acid .... 
Oxide of iron .... 

Alumina, Sec 

Insoluble silicious matter . 



5-54 
J8-95 
30- 18 



■Equal to liibasicpboaphate of iime . 
t Equal to carbonate of time 



iij 



JVavojsa Island is a small uninhabited island of the 
Caribbean Sea. It is situated in 18' 15' N, latitude and 75° 5' W. 
longitude. It is surrounded by coral reefs, the coral rock 
forming the framework, the cavities of which are filled with 
phosphatic matter of a reddish brown colour. This is made up 
of globular grams of phosphate of lime which are cemented 
together in hard masses. The phosphate varies in quality, but 
the following may be regarded as the composition of au average 
sample. 

Moisture 

Water of combination . 

* Phosphoric odd 

Magnesia 

t Carbonic acid 

Oxide of iron 

Alomina 

Sulphuric acid 

Insol utile silidaus 
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Pedro Keys, a small island south of Jamaica, also yields 
the mineral, showing 60 to 65 per cent, of iribasic phosphate 
of hme, but mixed with zo per cent, of oxide of iron, alumina, 
magnesia, and carbonic acid, the three first being the elements 
which lower the value of the mineral. 

Redonda Island, situated 16° 54' N., 62° 21' W., is noted 
for ihe production of a phosphate of alumina which contains a 
good deal of oxide of iron and little or no lime, and can only 
be used for the same purposes as the Alta Vela phosphate 
already described. By a patent taken out by Messrs. Forbes 
and Price it was also intended to be used in the purification of 
town sewage. 

An analysis by Dr. Voelckec shows the following compo- 

Moietiare and water of cambination . . 11-15 

•Phosphoric acid iV^ 

Alumina and oxide of iron .... 32-16 

loMluble silicious matter 9-^ 



■ CoTiespondine to tiibasic pbosphste of lime . 80-&6 
Sombrero Island, one of the Leeward Islands, sitiu 
about 60 miles east of the Danish West Indian Islands, is ^ 
of the oldest sources of phosphate of Ume in this region, 
mineral is a light-coloured, nearly white substance, very 
and porous, consisting of shells and other marine organid 
of living species set in a coralline framework. The r 
has now to be obtained from below the water-line, and it n 
be difficult to work it profitably. 

The following may be taken as its average composition)! 
Moislure and wslcr ofcomhinaijoa . 8-93 
• Phosphonc acid . . . 3'-73 

Lime 4S'''9 

f Carbonic acid 5-99 

Oiide of iron and alumina . 7-07 

iDBoluble silicious matter ... '60 



• Eqoal to tribasic phosphate of lime . 69-27 
t Equal to caibonale of lime . , I3'6l 
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This is a very valuable mineral phosphate, and it is to be 
hoped that upon exploration other islands of ihe numerous 
groups to which those already enumerated belong, will be 
found to contain phosphate of similar quality. 

St. Martin's Island is a small Island belonging to the 
Windward Islands. It is situated in latitude i8° 5' N., and in 
longitude 6j° 4' W. The phosphate from this island consists, 
like the Sombrero and Navassa, of phosphatic matter filling up 
a. coralline framework. Its composition is variable, and great 
care has to be exercised in separating the richer quality from 
tlic usual minerals associated with it. 

The percentage of phosphate of lime ranges from 37 to 81, 
of carbonate of lime from 6 to 47, and of oxide of iron and 
alumina from 1*14 to 11*97. 

DoubUess the mineral will be found on many others of the 
neighbouring islands. 

In reading the foregoing description of the phosphatic 
deposits of the world, it will be noticed how the earliest deposits 
in the Laurenlian rocks of Canada and Norway are free from 
all traces of organic life, and how in all the succeeding deposits 
from the Silurian upwards, except in those of Eslramadura ami 
Nassau, organic remains are largely associated with the deposits 
and indeed form a part of them. This difference points to a 
difference in the original mode of deposition. In the first case 
the phosphatic mailer was deposited pure and simple primarily 
on an ocean floor; and in the second case it Eiad passed 
through organic forms and life berore it found its place as a 
phosphate bed. 

It is also interesting to notice that just as in the case of 
chloride of sodium a certain group of minerals clustered 
around it and became associated with it in its deposits, so 
with phosphorite another group — iron, Utanium, manganese, and 
sulphur — are associated with it throughout all time, and how in 
its turn phosphorus is intimately blended, although in a less 
degree, with most of our iron ores — as it now seems — to their 
deterioration. 

Practically, too, it will be seen that phosphate mining in 
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beds in the Secondary and Tertiary strata is a more certain 
and reliable operation, even where the mineral is only of ordi- 
nary strength, to apatite mining in the older rocks, where it 
occurs in strings, veins, and pockets, albeit of very high 

strength. 



PART III. 

CARBON, COMPOUNDS OF CARBON, 

AND SULPHUR. 



(EACH MINERAL CONSTITUTING A CLASS BY ITSELF, 
FORMING CLASS IV. AND CLASS V. OF THE LIST 
IN THE CONCLUDING CHAPTER.) 




CARBON AND CARBONACEOUS SUBSTANCES. 

Hie Diamoad— History of Altempu tg coosume it, by Boordt, Boyle. 
CosRiD 111., Sir Isaac Newlon, Sir Geoige Mackmzie, and Sii 
HUBipbrcy Davy — Diamonds of India, of Braiil, of Soulh Africa^ 
Hislocy of Ihe Discovery and Ptogtesa of the Industry and Pailiculan 
of Mining — Notable Diamonds — Plumbago or Graphite of Borrow- 
dale, of Aynbiic, of North Wales, of Ceylon— Paiticitl an at PickIul- 
lioii in CeyioD — Graphite in America — Use) for wbich il U employed 
— Jet — Origin of Name — Jel Industry of Yorkshire. 

THE DIAMOND. AND DIAMOND MINING. 
The diamond is pure carbon, and in this form is white and 
colourless. It is abo tinged yellow, green, red, orange, brown, 
and black, when other minerals are present in it in oiinute 
quantities. It crystallises in several forms, some of them 




complex. Figs. 44, 45, 46, 47, show the ordinary shapes of 
diamonds. 

It is transparent when pure, and has an adamantine lustre, 

but the darker kinds are opaque. H. 10, gravity=3'48 to 3"5:. 

Diamonds are known by their great hardness. Except in the 

instance 1 have given, where boron was obtained in a degree 

uf baldness that would scratch a diamond, it is the hardest of 
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a)l known substances. It was long considered to be incom- 
bustible, but in 1607 Boelius de Boordt suggested that it 
was inflammable. In 1673 Boyle proved that when it is 
exposed to a great heat it is dissipated into vapour. In 1694 
Boyle's experiments were confirmed by those of Cosmo III., 
Grand Duke of Tuscany, with his celebrated burning-glass. 
About the same date Sir Isaac Newton, from its great re- 
fractive power, described it as an unctuous substance coagu- 
lated, I^voisier proved it to be composed of carbon by throw- 
ing the sun's rays, concentrated by a powerful lens, upon a 
diamond enclosed in a vessel with oxygen gas. The diamond 
and the oxygen disapijeared, and carbonic acid was generated. 
This experiment was repeated by Sir George Mackenzie in 
the year 1800. In 1814 the experiment of the Grand Duke 
Cosmo was repeated, with similar results, by Sir Humphrey 
Davy, in Florence. 

Thus the hardest of all known bodies has been made to 
dissolve in the sun, and to pass away in a noxious vapour. 

It is thought that the carbon of the diamond is of vegetable 
origin, having been dissolved and redeposited in some such 
way as those referred to in connection with the rarer redeposited 
forms of silica and alumina. 

Diamonds were for a long time obtained almost exclusively 
from the East. 

In India they have been found in the district of Golconda, 
near the Pass of Bezoara, on the northern bank of the Kistno, 
about tifty miles from the sea. The river passes through tie 
hills by a narrow gorge, which in course of time it had cut (or 
itself through the rocks. In doing this an extensive ancienl 
lake beyond has been emptied, and it is in the drift once lying 
at the bottom of the lake, and derived from the wearing 
down of the neighbouring ancient rocks, that diamonds have 
been found. In digging through this drift there is first about 
eighteen inches of gravel, sand, and loam. Below this there B 
about four feet of mud and clay, and underneath this is the 
diamond deposit, three to four feel thick. It consists of ■ 
large number of rounded stones, and of gravel, cemented 
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together in day. Occasionally a thin layer of calcareous tufa 
occurs between this deposit and the overlying black mud. 
The natives were used to sink a pit a few feet diameter down 
10 this deposit, and from the bottom to burrow in various 
directions as they best could. If unsuccessful, they speedily 
removed to another spot. From all accounts they seem to 
have made but a poor living at the work, 

Another locality in India is on the left bank of the Mus- 
nuddy river, near its junction with the Mahanuddy. Here 
diamonds were found in a kind of ferruginous conglomerate, 
and this appears to be the nearest approach to finding diamonds 
in the solid rock. After all this deposit was a drifial one, like 
that to be described as occurring in Brazil, only it had been 
hardened by the presence of iron in its cementing matter. 

Near BanaganptUy, 78' 4' longitude, 1 j" 4' latitude, diamonds 
have been found in a similar breccia, containing also horn- 
stone, chalcedony, jasper, yellow and red quartz. This breccia 
passes inlo a conglomerate of pudding-stone, composed of 
round pieces of quartz cemented by a calcareous clay or mud. 
The strata of the nearest mountains consist of slaty rock of 
ail kinds, with quariz rock, sandstones, flint and homstonc, 
pure limestone proper, and tufaceous limestone. 

Diamonds are found in Borneo, on the west side of the 
Ratoos Mountains, associated with gold and platinum. 

From the year 1718, when they were first discovered, 
until within the last twenty years, a prolific source of diamonds 
was the neighbourhood of Tejuco, on the district of Serro de 
Frio, or Cold Mountains, to the north of Rio Janeiro, in the 
province of Minas Geraes, Brazil. 

The strata of the district consist of grits alternating 
with micaceous slate, with great masses of a kind of conglo- 
merate or pudding-stone composed of grit and rounded quartz. 
In the lower lands along the river courses there is a finer 
conglomerate consisting of the same materials with fragments 
of hornblende and granite, all partly cemented together with 
oxide of iron. This is called Cascalho, and in it the diamonds 
occur, associated with garnets, topazes, and other precious 
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Stones, and golcJ. The streams are diverted so that the cascalh^ 
the river bed may be excavated and washed, the w 
removed out of the deeper parts by rude machinery, and! 
some places the cascalho is hoisted up by the same mei 
The deposit is then carefully washed by negroes in 
troughs, the operation being also carefully watched by over 
who sit upon high seats that have no backs, in order 
the overseers from sleeping. Formerly when a negro (on 
a diamond weighing 174^ carats he received his liberty, 
much ceremony. As much cascalho is excavated and sto^ 
during the dry season as is supposed to be sufficient t 
the negroes in washing during the months when rain 
plentiful, It is also found in practice that whether the diamtM 
be large or small, about the same weight or number of a 
is found in each cubic yard of the cascalho. As a matta| 
course, there; is a very large proportion of minute diam<a 
obtained. These are ground and used for polishing the la^ 
ones. The average cost to the Government per carat of l| 
diamonds foimd is said to be 33J. The principal deposits i 
workings are along the banks of the Jequitinhona River. 
1730 to 1814 the supply of diamonds from Brazil was t 
mated at 36,000 carats a year. In the year 1840 the ) 
was given at 20,000 carats. More recently the supply has b 
stated at from 25,000 to 30,000 carats yearly. At first it i 
difficult to sell diamonds obtained from Brazil, and thej| 
pedient had to be resorted to of sending them first to lai 
to be from ihence sent to Europe as Indian diamonds. 

Diamonds were discovered in the Ural Mountains of RiU 
in the year 1829, by Humboldt and Rose, when traveUiii| 
Siberia. 

SOUTH AFRICAN DIAMONDS. 

The diamond fields of South Africa are situated main! 
Griijual and, about 700 miles north-east from Table Bay,i 
450 miles inland from Port Elizabeth and Natal on the q 
coast. Kimberley is the centre of the principal 1 
field, and the chief mines near it are Kimberley, De 1 
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Tin Toit's Pan, and Buttfontein. There are also two mines, 
Jagersfontein and KofTeyfoniein, in the Orange Free Slate. 

The discovery of diamonds was made in the year 1867 by 
Mr. O'Riley, a trader and hunter, while on a visit to a colonist 
named Van Niekirk, 

The announcement of the discoi'ery was at first received 
with great suspidon in England, one of the few men who 
believed in the genuineness of the stones from the first being 
the late Professor Tennanl, of King's College, London. A 
writer in the Geologiaii Alagasine for 186S concludes a rather 
long attempt to discredit the discovery with the words, 'I 
can only now conclude by expressing my conviction that the 
whole diamond discovery in South Africa is an imposture, a 
bubble scheme.' Nevertheless, the industry has grown to large 
proportions. Waterworks for the purpose of washing have 
been erected, and railways from the coast to the diamond dis- 
trict are in the course of construction. In the year r88i dia- 
monds to the value of 3,685,000/. passed through the post 
office. 

The first diamond on being submitted to the authorities 
was valued at 500/. Considerable excitement followed the 
discovery, and the natives commenced searching for diamonds, 
in which they were successful. One diamond was found at 
S3 I carats, and was valued at 15,000/. 

In the year iSUS the colonists searched for diamonds on 
the river Vaal, and succeeded in finding a considerable number. 
On the Transvaal side of the river the centre of the diggings 
is Klip Drift, and on the opposite side is Pniel. There are 
about fourteen river diggings in all, Du Toit's and Bultfontein 
Diinea were discovered in 1870. They are twenty-four miles 
from the diggings on the VaaL De Beers and Kimberley were 
discovered in 1871, and in 1872 at the river diggings a great 
diamond of iSzJ carats was found by Mr. Spalding. 

The last four land mines lie within a reef which surrounds 
them on ail sides. This reef is comprised near the surface of 
loose shale, which gives trouble to the miners by falling 
in. This is succeeded in depth by a tracliytic breccia and 
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Below these are ihin bedded strata to an uopi 






augue. 

depth. 

Inside the reef the surface soil is red and sandy, 
this comes a yellow calcareous gravelly deposit, under v 
the ground is of a blm; and slaty nature, and in this lies the 
chief source of the diaraonds. Diamonds of a large size have 
been found in the yellow ground, and the Kimberley mine has 
been productive from the surface, but usually these upper straU 
are not profitable to work. 

At first in excavating the pits or holes, inclined roads, 
usually running north and south, were left up, but these gradually 
falling in, windlasses were resorted to, to be followed in 1873 by 
horse-whims. These gave way in the best mines in 1876 to 
steam-engines, In the early stages of working, when the 
diggers thought the red sand was the limit of the diamond 
deposit, the soil was simply turned over. When the undert)ing 
yellow ground proved to be produciive the soil had to be 
removed a second time, and when the blue ground proved to he 
most productive of all, the same process had to be repeated at 
great cost. The mines or excavations are mostly irregular in 
shape, but some have been carefully laid out, and the shai't^ 
communicate with underground galleries. The Kimberley mine 
in 1882 covered 21 acres. The first diggers treated, on an 
average, eleven loads a day. Now, where a steam-engine i- 
employed, a maximum of 250 loads a day is reached. Ti;- 
cost of working with present appliances is for the first humiic:! 
feet in depth 3s. bd. per load, the second hundred feel, mostly 
in blue ground, 5^., the third &i., and the fourth \\s. Tix 
yellow soil is loose and easy to work, but the blue requirei ' 
blasting. Since mining operations commenced the price of 
labour has risen frora aoj, per month to 30J. per week, wiih 
food. The following particulars, extracted Irom the publisht- 
report of the De Beets Mining Co, of May 7, 1883, fumiiii 
much interesting information as to costs and results ol 
working. 

' Diamonds. — It is a matter of regret that the very severe 
fall in the diamond market during the last six months of the 
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year has prevented your directors' anticipations as to the yield 
per load being realised, but the company's improved position 
will be apparctil by comparison of this with last year's results, 
as it will be seen that during the year, to March 31, 18S2, 
96,439 loads ground washed yielded 76,859 carats diamonds, 
realising 104,553/. Ss. &/., whilst during the past year 166,436 
loads washed yielded 149,396 carats, realising 158,675/. us. 31/., 
showing nearly twice the output, and an improved quality of 
ground in the better average weight per load. The following 
is a summary of the work done during the year ; — 

Bloc ^tnmd on Soon, April 1, iSii 3.000 :6 cubic II. loiidi. 

Do. deposited do. to Mucb 31, [SS3 . 179.785 „ „ 

182,785 „ 

Blue ground washed, April :. iSSi, to March 

31, 1S83, 180,581 Soois' loads, estimated at 166.136 „ „ 

(Disconnl of 8 ptr ceot. being allowed for 

difference.) . 

Leaving a balance on floors of 16,649 „ „ 

i«presenting a cost, including rates, of about 5J. per load, or 
4.000/., which, however, with the cost of spreading lumps as 
given below, your directors have not considered right to include 
in the balance sheet, although a distinct asset of the company. 

•The ground produced 149,396 carats diamonds, realising 
158,675/. +f. 3d., giving, JD spite of a fall of about 40 per cent, 
in the diamond market, an average yield of 19J. t\i/. per load. 
The above weight includes 32,766 carats fine sand (17,031 
carats found by the company, and 5.734 carats found on per- 
centage). Besides the balance of blue ground as above, the 
company has 25.000 loads lumps spread out on its floors, 
representing a cost of t,a5o/., which are producing an average 
of two-fifths of a carat per load, showing thai the ground, after 
allowing a percentage for black reef and high ground, has 
averaged for the year at least a carat per load. 

' The cost of production, including rates, maintenance, and 
wear and tear of machinery, has been 11/. ijli/. per load, leav- 
ing a profit of 7^. 3jrf. per load. The following tables are 
given for your information ; — 
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^" 'Searching Sitstem. — The adoption of this s>-stcni has 
caused a marked iroprovemeDt in the company's Gods. During 
the month of February, before the men were searched, the 
company's finds were, in the claims 65SI carats, and on the 
floors i,io8J carats, whereas during the month of March, when 
the system had been put in force, they were, in the claims 1,134 
carats, and on the floors 1,530^ carats, making a total increase 
in the latter month of 998^ carats.' 

At the present time considerable interest is attached lo the 
discovery of diamonds in New Zealand. 

Among the great diamonds known may be mentioned — 

I. One formerly belonging lo the Crown jewels of France, 
weighing 67 J carats. 

3. The largest known, mentioned by Taverner as in the 
possession of Ihe Grand Mogul, in form and she resembling 
half a hen's egg, and weighing 297 carats. This diamond 
was found in Che mine of Colore, to the east of Golconda. 

3. A beautiful lemon-coloured diamond, formerly belonging 
to the Grand Duke of Tuscany, now belonging to Austria, 
weighing 139 carats, and said to be worth 153,681/. 

4. An eastern diamond, formerly belonging to Nadir Shah, 
Sultan of Persia. It is without flaws or defects of any kind. 
It is about the size and shape of a pigeon's egg. It was 
purchased by the Empress Catherine of Russia for about 
90,000/. ready money, and an annuity of about 4,000/, in 
addition. 

5. The Pitt or Regent diamond, said to have been found in 
Malacca. It was bought by Mr. Pitt, then Governor of Ben- 
coolen, in Sumatra, and sold by him to the Regent Duke of 
Orleans, by whom it was placed among the crown jewels of 
France. It weighed 136-1*0 carats. 

6. The Koh-i-Noor, or Mountainof Light, beionginglo Her 
Majesty the Queen, and formerly the property of Runjct Singh. 
This diamond is one of the largest in the world, and is valued 
at 2,000,000/. sterling. 

The weight and value of diamonds are reckoned by carats, 
oi which 150 are equal to 480 grains, or one ounce troy. The 
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average price of rough diamonds is about il. per carat, bul tlit 
price increases rapidly with size, as shown by the following 
table of approxiraaie value. 

A rough diamond of j carats i 



But the price will vary according to the demand, and at ihe 
present moment the diamond market is in a depressed state. 



PLUMBAGO. OR GRAPHITE. 

This mineral in its pure slate is composed enlirely of carbon, 
but it is usually found mixed with varying proportions of alu- 
mina, iron, lime, and other subslances- Its uses are various. 
It is used in the manufacture of pencils, whence its name 
graphite. Mention is made of a document ruled with graphite 
in the year 1387. The mineral used for this purpose co 
largely from Siberia, and Ceylon graphite was formerly used 
with that then obtained from the Borrowdale mines in Cumber- 
land. For many years it has been extensively used in tht 
manufacture of crucibles used in chemistry and metallurgy, 
on account of its great fire-resisting properties. More reccrHlj 
it has been applied to lubricating uses, and the commoner kindJ 
for grate-polishing. The use of carbon for electric lighting 
purposes promises to open out a vast addition to the uses I 
which this mineral may be applied. 

British Island.s. — The most important graphite mine ever 
worked in England is that of Borrowdale, in Cumberland. 1 
recorded that 100,000/. worth of ihe mineral has been extiaaed 
in a year, the price then being 45J. per lb. The early hisloryof 
the mine also shews the lawlessness of the times only a century 
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ago. A body of miners took forcible possession of the mine, 
overpowering the guard, which, in consequence of numetous 
robberies, had been placed to protect the property, t!ie pro- 
ceeds of which were sold to Jews, who came regularly to the 
George Hotel, Keswick, to buy. In the year 1800 ihe entrance 
to the mine was protected by a building containing offices and 
an attiring-room for the men. In this room was a trap-doot 
through which alone an entrance to the workings was to be 
gained. Between the years 1850 and i860 it was estimated 
that there was still about 30,000/. worth of the mineral in reserve^ 
but this seems now to be exhausted. In the year 1S75 20 ton! 
were returned as being raised. The last return was for the 
following year, 1876, when one ton only was obtained. Tlie 
mine was worked about half-way up a mountain 2,000 tcct high. 
The strata was of Lower or Carabro-Silurian age. They consisted 
of slate rocks, with interbedded greenstone, and felspathic trap- 
pean rocks. The graphite occurred in one of these trap rocks 
of a bluish colour, in the form of irregular masses and moie 
regular beds, which were sometimes of considerable she. Tliei^' 
were connected by numerous veins glazed with plumbigu. 
Both the felspathic bed and its enclosed graphite were frequently 
tut off or interrupted by rents, fissures, and also dykes of oiiic: 
substances, which rendered the mining of the mineral rathci 
uncertain. A plan of the veins and a section of the workint'^ 
given in figs. 48, 49. It is on record that the mineral was fir 
discovered by a tree being uprooted by the wind between Uii -- 
and Fareys stages. At first the plumbago was only used by 
the neighbouring farmers to mark their sheep. Afterwards its 
true value was discovered. In 1778 the price realised was jc 
per lb. In 1829 it was 35^., and in 1833 45/. per tb. Alia 
wards, through the introduction of the mineral from abroul. 
probably Ceylon, the price fell to 30J. per lb. Some of tht 
pipes and pockets of ore have contained as much as 30,000 lbs- 
of ore. 

Early in the present century a graphite mine was woitri 
near Cummock, in Ayrshire. The strata at this mine consistf^ 
of the following, in descending order ; — 
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1. Sandstone composed principally of concretions of gre>-ish 
while quartz, with a few scales of mica interspersed. 

2. A bed of clay slate from lo to ii feet thick, passing in 
places into a flinty slate or basaltic homstone. 

3- Greenstone disposed in globular distinct concretions, 
which contained imbedded portions of graphite. 

4. A bed of clay slate 12 feet thick, similar to No. 2, 

5. Another bed of greenstone from 3 to 10 inches 
thick. 

6. Graphite. This bed was from 3 to 6 feet thick, and was 
comprised of graphite and columnar glance coal. The graphite 
was found compact, scaly, and columnar. The glance coal 
was disposed in distinct columnar concretions, arranged hke 
pillars of b.isalt. Both substances were intermixed, the graphite 
being included in the coal and the coal in the graphite ; and 
in different parts of the patches of greenstone were met witii 
what seemed to be part of the original deposit, 

7. A byer of greenstone. 

8. Flinty slate 10 to 14 feet thick. 

9. Sandstone of similar structure to No. 1. 

The graphite of Cunimoch was more variable in quality 
than that of Borrowdale, but at the time it was considered that 
ihe deposit was extensive enough and the average quality good 
enough to wariant extensive workings, A graphite or black- 
lead mine, as it was called, was also discovered by accident, in 
the year i8f6, in Glens trathfarra, the projjerty of Fraser ol 
Lovatt, who worked it for a sliort time. The rock in which 
ihe graphite occurred was gneiss of a micaceous character. It 
occurred in irregular masses, one of which was about three feet 
thick and several yards long. This was not throughout pure 
graphite, but was mixed with fragments of the constituents of 
the rocks— felspar, mica, quartz, with precious garnet. Nume- 
rous other masses of a smaller size were also found. The 
_:.!phite was scaly, foliated, and undulatory. Il also varied in 
jiility. The working was carried on for a short time, and 
- tons were sold in the London market at 93/- x>cr t""' '''^ 
expense of getting it being slated at 13/. a ion. The work. 
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however, came lo ao end, and at the present time there is not 
a graphite mine in the United Kingdom. 

In North Wales, however, at a little distance above the 
Bala limestone, see fig, z6, there is a bed of impure graphite of 
considerable thickness. This bed follows the course of that 
limestone throughout Montgomer)'shire and Merionethshire, 
see fig. 2$. I have seen it near Llansaintfraid and Peoygar- 
nedd in the former county, and near Llan)Tnawddy in the 
latter. It is worth the trial, as the bed is considerable, whether 
by cheap mining and careful washing this deposit could not be 
utilised for some of the purposes for which the mineral is in 
demand. A similar bed in like position occurs at Llangelenin, 
near Conway. 

The chief source whence the bulk of the mineral has been 
derived for many years is the Island of Ceylon. The earliest 
notice there is of the mining of the mineral in the island is 
contained in a report by Colonel Colebrooke in the year 1829, 
where he says, relative to a tax, ' Provision had been made for 
payment either in money or in grain, and also for the delivery 
of cinnamon and ^/uc* lead.' At that period the graphite ol 
Ceylon was growing in repute, for we find tljat in America the 
late Mr. Joseph Dixon, who was the founder of the graptiile 
industry and manufacture in the United States, started his 
manufacture in October, 1S27, using a compact graphite found 
in New Hampshire ; but seeing some of the specimens of the 
foliated variety brought from India by trading ships, he tesKii 
them, and procured a shipment, following it by another, ii;'- 
he finally adopted the Ceylon graphite entirely. The suet!-.- 
sors of Mr. Dixon, the Dixon Crucible Co., New Jersey Ci!i 
New York, and Battersea Crucible Co., London, have hilheii 
taken by far the larger part of the production of the isU;.' 
No record of the quantity of the mineral annually raised w ■ 
kept before the year 1846. Since thai date the quamil>' w 
ported has been aa follows : — 



For the five yean cndinE i< 



C<ni. 
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Cwtl. 

Fot the live j'ean ending tS66 ' . ■ 57i>95 

iSrt .... 124.7H 

1876 .... 137.474 

„ threcfeais ., 1S79 .... il4.6;t 

It will thus be seen that the industry has been a growing 
one. The largest quantity exported in any single year was 
during ihc twelve months ending September 30, 1879, the 
quantity being 200,000 cwts. The quaniiiy shipped in the 
year rSSo was nearly equal. The number of graphite mines 
and pits on the island is estimated at 400. The natives also 
often find lumps in the soil. The only information we seem 
to possess as to the geological conditions under which the 
mineral is found is contained in Dr, Gygax's GeologUal Sur- 
T'cy, 1348, Appendix No. i to 'The Reports exhibiting the 
Past and Present State of Her Majesty's Colonial Possessions,' 
where the Doctor says, ' Plumbago or graphite is found chiefly 
in the southern side of Saffragam, in the Kukuls Korle. It is 
believed lo belong lo the same formation as the anthracite, 
viz., lo the upper strata of the Devonian formation. The prin- 
cipal mine is at Nambepaoe, and contains a large vein running 
from north-west to south-east. The ore is pure and crystal- 
line near the basalt, and compact and massive further from it. 
1 believe this vein extends to a distance of forty or fifty miles 
towards the Bintenne country. The plumbago of Ceylon is 
pure and light, and now that a method has been discovered to 
purify and compress it the value will rise.' 

As a matter of fact the price has fluctuated considerably. 
In 1S68 and 1869 it fetched in Ceylon \zl. to 14/. per ton. 
In 1870, we are told in the provincial reports that the fall in 
the price is so considerable that it has put an end to the 
digging for the mineral on Government land. In 1872 there 
was a slight rise, and we read that in the Government of Galle the 
quantity raised was 22,751 cwts., and the average price 6 rupees 
per cwt., or 120 rupees per ton. From another province, in 
1873, we are informed that ' plumbago, which formerly sold at 
ioo rupees per ton, is now only 90 rupees, and with the 
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enhanced value of labour it can scarcely be profitably worl 
111 1874 the trade was at its worst, and we are told 
plumbago 'is practically unsaleable.' In 1880 tht 
j-ice was slightly higher than in j868-6g, being 15/. 
The deposits are spread over large areas in the Government of 
Galle, in the Hambantota district, at the Rannialakand Moun- 
tain, and the hilly country forming the north-western boundary 
adjoining Matara. There are also numerous mines in the 
Matara district, and also in the Wenda Willi Hatpatta. The 
(Jovemment grant licences to work the mineral at a royalty 
which was formerly 10 rupees per ion, but upon reptesenia- 
lions being made tliac this amount pressed hardly upon the 
poorer kinds of mineral, the royalty was reduced to 5 rupees. 
Shafts have been sunk, and attempts have been made to work 
the mines English fashion, but for the most part the deposits 
are worked open and near to the surface. The favourite 
mining district at present is the neighbourhood of Kurunegela, 
Awisawella, Ratnapura, and Kalutara. The natives are guided 
by lumps and grains in the soil, and by the croppings up of 
the rock. No geological survey has been made. 

From 4,000 to 5,000 men are employed at the mines, atiii 
about 500 carters, with their carts and a pair of bullocks eacli. 
can the mineral to Colombo. A good deal of the preparation 
of the mineral for the market is done at Colombo, women 
being largely employed. At first the Cingalese women had 3 
strong prejudice against touching the mineral, but now ihev 
like the work, and are experts. One proprietor in Colombi', 
Mr. W. A. Fernando, whose family have long been conneclcn 
with the trade, employs about 150 men and women. Th'/ 
men are paid from $0 to 75 cents a day, and the women 15 tu 
30. Mr, Fernando has large sheds, roofed with cocoanu: 
leaves — the dust blown about makes everything so slippei> 
that slates would fall off. The plumbago is first washed in 
large baskets, the smaller pieces and dust being spread upon 
an asphalte floor to dry. By this means the quality is du 
covered by the practised eyes of the pickers, who separaii 
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pieces affected by iron ore, pyrites, quartz, or other foreign 
materials, a very small quantity of which would spoil the 
mineral for crucible-making. The good lumps have the dust 
brushed off, and are polished with cocoanut husks. The 
mineral is separated into four sizes by means of perforated 
plates of iron. It takes about 100 expert men and women to 
prepare about 3 tons a day of the smaller stuff. The ore 
is brought from the mines to Colombo in casks holding about 
5 cwt. each, and also for shipment. Some 35,000 casks were 
required for this latter purpose in the year 1879. 
^L Unitkd States of America. — The Dixon Crucible Com- 




pany, already referred to as large consumers of Ceylon graphite, 
have within the last six or seven years obtained the mineral also 
from a mountain locally known as tlie Blacklead Mountain. 
which rises close to the village of Ticonderoga, Essex County, 
State of New York. The graphite beds are interstratified be- 
tween gneissic rocks, as shown in fig. 50. The beds dip at an 
angle of 45 degrt-es. The ore in them is chiefly of the foliated 
variety, and is mixed with gneiss and quartz in the beds, ii 
veins or layers from i to S inches in thickness, S( 
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deposits being richer than others. One of these, as shown ii 
the figure, has been followed to a depth of 350 feeL It is 
found of varying thickness, and it opens out at times into 
pockets. When separated from the attached materials this 
graphite is of fine quality. It is sent dowohill from the mine 
to the works — 3 distance of two miles — -where it is crushed 
with a stamp- battery, and the ore is then washed and separated 
in Comish buddies and settling-tanks. The separated graphite 
scales are then ground in water to the 6neness required for 
the different uses, as crucibles, lubricants, pencils, and ordi- 
nary blacklead. The industry is an old one. In the year 
iSaa the mineral was removed from the gangue by means of 
chisels, pickaxes, and iron bars, and conveyed to the falls, 
where it was pulverised and purified. In the manufacture of 
pencils the very finest grained graphite is used, and is mixed 
with clay. Graphite is found in various other localities in 
America— in the older rocks of Ihe Appalachian Mountains, 
stretching from Canada to Alabama. 

It is said to occur in great purity in five different localities in 
Albany county, Wyoming Territory, in veins from 1 foot 6 inches 
to 5 feet thick. At Pilkin, in Gunnison County, it occurs massive 
in beds 2 feet thick, but of impure quality. Indeed, it would 
seem that the massive beds everywhere were the most impure, 
the redeposited mineral in cracks and cavities being the purest. 
In New Mexico it is found in a pure form in the Coal- 
measures, possibly as the result of heat, which has driven 
all bituminous matter away, and of a redisposition of the 
particles. It is also found in the Black Hills of Dakota, and 
it has been mined at the Sonora mine, I'uolomme County, 
Cahfomia. 

It is also found in Canada, and the following table of 
analyses is from the report of a survey and inquiry authoriseil 
m 1876 by the Canadian Government as to the comparative 
merits of graphite from Canada and Ceylon. Graphite also 
occurs on the American side of Behring's Straits, where the 
natives use it foi the ornamentation of their persons. 
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ANALV5E5 OF CANADIAN AND CEYLON OtAPHlTES. 



. 'ein graphite, 

vuiety folialed 

Canada, Buckinghnm, vein graphllc, 

Canada, GrenviUe, vein graphite, voriely 

foliated 

Canada, GreDville, vein gnpbite, variety 

COlllDIIISt ^ 

Ceylon, vein graphite, variety columnar 
Ceylon, vein graphite, variety foliated 
CeyloD, vein graphite, variety colutnaar 
Ceylon, vdn graphite, variety foliated 



1 99>67s I 

. 99-815 ' 

99757 ' 

9979' ' 

99-679 < 

98-817 . 

184 . 



In Canada, New York, and Pennsylvania it occurs chiefly 
in veins and pockets in strata associated with gneissic rocks. 
It is associated in the veins with calcite, quartz, pyroxene, 
mica, and apatite ; and the crystals of calcite, on being 
split, show scales of foliated graphite along the lines of 
cleavage. 

The new report on the mineral resources of the United 
Stales, edited by Albert Williams, and published by the 
Government, gives the following pariiculars concerning the 
uses for which the mineral is employed, and it is slated that 
no less than 150,000,000 pencils are now manufactured in the 
world. The quantity of graphite imported into America in 
1882 was 16,047,100 lbs., of which the greater part came from 
Ceylon, and the rest from Germany. 

The properties of graphite make it useful for the fol- 
lowing general purposes : the manufacture of refractory 
articles, lubricants, electrical supplies, pigments, and pencil- 
leads. A detailed table of the articles made from it is 
annexed, with an estimate of the percentage used for each 
purpose : — 
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PKOPORTIOHATK AMOUNTS OV ORAPHITE USED FOK MPrBXSHT 1 



Crucible and reriactory articles, as stop- 
pen and Dotites, crucibles, &c. . . 

Stofe-palisii 

LubricatiDg graphite 

Foandry facings, &c 

Graphite greases 

Pencil-leads 

Graphile packing 

Pol'shiog shot and powder 

Paint 

Eleclrotyping 

Miscellaneous — piano-oclion, photo- 
graphers', gilders', and halters' use, 
electrical supplies, etc 



Ceylon, American . . . 
Ceylon, American, Gemun 
American, Cey'on . . . 
Ceylon. Americati, Gemin 
American ...... 

American and German. ■ 
Ceylon, American . . . 
Ceylon, Ameticnti . . , 

American 

American, Ceytoa . . . 



Graphite is also, as before stated, largely and iticrexsingM 
used as a lubricant, both by itseir and mixed with fat c 
in various proportions. 

yET. 

In appearance this mineral resembles cannel coal ; butrf 
is harder, and is capable of receiving a high polish. 
or a deeper black colour. It receives its name from the rif 
Gages, in Lycia, in the alluvium of ihe mouth of which it 1 
found in the time of Pliny. The small pieces of the minti 
found there were called gagales, subsequently gagat, and I 
mately jet. It has formed Ihe subject of a considerable indiu 
along the eastern side and seacoast of Yorkshire from v 
early times. The Danes, and subsequently the Romans, secmcol 
to have worlced it for ornamental purposes. A good spccimeaV 
from Whitby, on analysis, showed the following composition :- 



Carbon 
Hydi ogcn 
Nitrogen 
OaygcQ 
Sulpliur 
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It is found in the harder portions of the alum shale rock of 
[he Lias. The rock is from 6 to 7 yards thick, and in this 
the mineral is found in small patclies, and in quantities from a 
few ounces to two hundredweight. On the south it is found 
a little way south of Whitby, northward in the Mulgrave mines, 
then in those of Lord Dundas, terminating at Skinninggrove 
Beck. It then turns westward by Eston and the Guisbro' 
mines, and the mineral is found in all the valleys of the tribu- 
tary streams of the Esk. 

A softer kind is also found near Whitby, called soft jet, 
from which an inferior kind of article is made. 

The mineral is obtained by excavating the face of the 
cliffs, and following it in old quarry workings. It is said that 
all attempts to mine systematically have been unsuccessful, 
although the price of the best qualities is from t2s. to 141, 
per lb. It is found in Russia in sand and gravel beds, where 
it is called black amber, from its being electrical when rubbed, 
like amber. The production of jet in England in the year 
iSSo was 6,720 lbs, 
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Laurent, Reichenbach, and others, and purified to some extent 
by Selligue, were extensively used for burning and lubricating 
purposes. 

In connection with the discovery and utilisation of gas, 
about the same tirtie and subsequently, experiments were made 
and improvements introduced in the purification of the various 
oils obtained from coals. 

In 1S30 M. Selhgue obtained a light paraffin oil from the 
bituminous shales ol Feymoreau, in the Bourbon Vendee, 
France, together with a heavier oil and a lubricating oil and 
solid paraffin, by a method which is said to have been 
identical with that patented by Mr, James Young for the 
Torbane Hill mineral in the year 1850, 

In America Dr. Abraham Gesner first successfully obtained 
lamp-oils from coals in the year 1845. These oils were burnt 
by him in lamps used by him at the public lectures given by 
him at Prince Edward's Island in the following year, and at 
others afterwards delivered at Halifax, Nova Scotia. Patents 
were subsequently obtained for tiie manufjcture of kerosene 
oil by his process. 

In England, in 1847, Mr. Charles B, Mansfield obtained 
patents for 'an improvement in the manufacture and purifi- 
cation of spiriious substances and oils applicable 10 iht 
purposes of artificial tight.' Mr. Mansfield's experiments seem 
to have been the base of the attempts to introduce Ote 
atmospheric light obtained from the use of the lighter oils or 
spirits, as benzole, in conjunction with atmospheric air. 

In October, 1850, Mr. James Voung, of Manchests. 
obtained a patent for the ' obtaining of paraffin oil, or oil 
containing paraffin, from bituminous coals,' and in Mardi, 
1853, Mr. Young obtained a similar patent for the UniitJ 
States. In defending these patents against manuiacturers who 
were, by the processes they employed, supposed to be infring- 
ing the patents, much litigation was caused. Happily the 
result was that a great and rising industry was left unfettered. 
and no exclusive right was establisbed in results which seem 
to have been gradually evolved by n^ich thought and expense. 
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~h roundish masses varying in colour, light yellow, brown, and 
green. Flexible and elastic when first obtained, but losing 
these qualities on exposure to the atmosphere. 

Petroleum {Fluid Bitumen). — In its natural state it is 
dark yellow, brown, and dark brown in colour. Its chemical 
composition will be given in detail further on. 

Naphtha 01 Mineral Oil. — Chemical composition: carbon 
84 to 88, hydrogen u to 16; colourless to yellow. Before 
describing the conditions under which bituminous substances are 
found it may be well to give a brief general history of their use, 
more especially their use for lighting and heating purposes. 

Perhaps the earliest reference we have is contained in the 
Scripture account of the building of the Ark and of the 
Tower of Babel. In the region assigned to that building 
bituminous matter is still abundant, and floats on the waters of 
the rivers. Herodotus, writing 440 years before the commence- 
inenl of the Christian era, describes a place, Aderrica, situated 
thirty-five miles from Susa, where there were wells yielding salt, 
bitumen, and oil. The oil was drawn from these wells by means 
ol skins, and was placed to settle in tanks. The more solid 
matter, salt and bitumen, fell to the botlom, and the oil was 
drawn off for use. The oil had an unpleasant smell, it was 
black in colour, and It was called by the natives Rhadinace. 

Along the shores of the Caspian, and southward down the 
valleys of the Euphrates and Tigris, similar oils are still 
obtained and used by the inhabitants. 

The oil from the wells of Rangoon, in Burmah, has also 
been in use from very ancient times. 

About one hundred and thirty years ago the Philosopihical 
Tramatlions, the Transmtiom of ihe Royal Society of Great 
Britain, anA the scientific papers of other countries of Europe, 
contained references to the distillation of oils from coab, and 
of ihe experiments made towards purifying them. A century 
ago the Earl of Dundonald distilled these oils from coal in 
ovens similar to those now in use for the manufacture of coke. 
On the continent of Europe, a quarter of a century later, oils 
distilled from the tars obtained from bituminous schists by 
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substances occur in nature, and the localities from which t 
are obtained, beginning, as usual, with the British Islands. 

Bituminous matter forms part of the composition of i 
greater part of our coal-seams, the exception in .this COUalB 
being found in the western end of the South Wales coal-fil 
and in portions of the coal-fields of Ireland, wlier 
seem as if the bituminous matter had been driven off stibseq J 
to the deposition of the coal-seams, possibly by the heat evoln 
during the great disturbances which have so crumpled t 
broken the strata. 

Bitumen is especially present in the variety of coal lcna| 
as cannel. This form of coal is most prevalent in the lo^ 
yard coal of Denbighshire and Flintshire, and in the equivai 
seam in the Lancashire coal-field, as well as in what d 
the same seam in the Newcastle coal-field. 

In the Flintshire coal-deld a great deal of cannel coal w 
its associated shale was used for the production of paraffina 
and products berore the influx of petroleum from Amei' 
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so cheap a rale made the manufacture unprofitable, 
lower yard coal of the two counties of North Wales refer 
is about a yard thick. The cannel form occupies 
of die seam, filling up depressions in the ordinary coal, as stJ 
in % 51. 

Ill the cannel alt vegetable fibre and organic stnicd 
such as are seen in the other parts of ibe scaiu, arc annpid 
destroyed, and the coal appears as ^* hard pitchy n 
such points also the under clay gives place to a bitumin 
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shale, and in ihis and in the overlying shale of a similar cha- 
racter there are numerous fish remains, only indistinctly 
preserved. ^Vhere these coals and shales are in their perfect 
form, as about Lees«'ood, near Mold, the following is the order 
downwards ; — 

(. A rich oieaginoos shale 4 to 10 ioclies thick. 

I. Smoolh cannel 3 feel j inches. 

J. Ciuly caDtiel 1 foot 6 inches. 

4. Floor of highly bituminous shale. 
The smooth cannel (2) has a flat conchoidal fracture, and it 
passes downwards into the curly cannel. The cmly cannel 
(No. 3) has a lustrous appearance. It is compact, and has 
a slightly conchoidal fracture. It abounds with flat circular 
disc-like appearances, It has some sulphide of iron, and shiny 
specks of arsenical pyrites. In the floor of bituminous shale, 
as well as in the roof shale, fish remains are abundant. Some 
years ago Dr. Andrew Fife, of Aberdeen, gave the following as 
the illuminating power of the various minerals named : — 

Cubic fHt of 
GaipectoD. 
WigaD caDDcl ... It'Ol 

Lesmahago coal 10-176 

TorbaDe Hill mineml lS'4Si 

L^eswood smooth cannel .... 9'97a 
Lees wood early cannel I4'i8 

In places where the conditions have been favourable, the 
bituminous coals of Flintshire have passed again into a liquid 
form. Thus recently, in a colliery on Buckley Mountain, in 
Flintshire, a flow of oil was tapped in the workings. 

In the neighbouring county of Shropshire, a bituminous 
spring has long been known in the parish of Wombridge, near 
Broseley. In the early part of the eighteenth century this 
spring is said to have yielded near a thousand (,'allons a week. 
in the year 1799 it only yielded about thirty gallons a week. 
At present It is not used commercially. The spring flowed 
from a fissured sandstone in the Coal-measures, having coals at 
a little distance above and below, and irregular pitches of coal 
[■in it. An adit was driven in the sandstone, which facilitated 
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the flow and collection of ihe oil. It is interesting to i 
that the water exuding from and near to the Flint coal — one 
of (he lower coals of the Shropshire coal-field — is salt, and salt 
springs abound in the Coal-measures of the neighbourhood, 
some of which were formerly found of sufficient strength to 

Perhaps the most interesting deposit of bituminous mineral 
in Great Britain, from its great commercial value, the pari it 
has played in the development of the paraffin industry, and the 
litigation of which it has been the subject, is that of Torbane 
Hill, near the Firth of Forth, in Scotland. This deposit occurs 
in beds that lie below the ordinary coal-seams of the Lanatlt- 
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shire coal-field. Fig. 52 is a very general section of Ihe si 
of this field. 

The Torbane Hill bed lies in group 2, on the notth-n 
west side of the section. It is associated with several t 
seams, and with Ihera it occupies a small mineral basin atn 
three square miles in area. These coal-seams and the partu 
bed itself are interstratified with two or three beds of fresh-w 
limestone. As will be seen, it underlies the ordinary ( 
measures. Bitumen occurs in a solid form in the underlyj 
sandstone beds, and in round nodules in the limestoi 
well as in contiguous trap rocks, from which it also o 
in a liquid form. 

The mineral containE volatile matter . yo'io 

„ „ ash 19-60 

It yields 120 gallons 01' crude oil per ton. This, with I 
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!eplion of the bitumen of Ritchie County, Virginia, which 
gives 1 70 gallons, and the Breckenridge coal of America, which 
yields 130 gallons, is the largest quantity of oil yielded by 
bituminous substances. This mineral has been very largely 
used for the production of paraffin and its products. It was 
used under a patent by Mr. Voung in the year 1850, and 
Young's paraffin oil, which gave the start to the use of mineral 
oil lamps in this country, was made from it. It was also 
extensively exported to the United Stales of America, and 
was used there in the manufacture of kerosene, in the produc- 
lion of which 200,000 tons were used in the year 1859 by the 
North American Kerosene Gas-Light Company, at their works. 
Newtown Creek, Long Island. The manufacture of oil from 
this mineral led to a vast amount of htigation ; part of this lay 
between Mr. Young and the distillers of oil from cannel in 
England and the producers of petroleum in America, which 
happily ended in unrestricted manufacture, and part with [he 
owners of the ground. The great question was whether the 
mineral was coal or not coal. The bulk of the evidence went 
to prove that it was not coal, but a bituminous shale or clay. 
Compromises resulted, and the use of the name coal was 
retained, although, as it has been suggested, the name might 
as well be given to the bitumen of the Great Pitch Lake of 
Trinidad. 

A deposit of bituminous coal occurs, and has at various 
limes been worked, near Bovey Tracey, in Devonshire. The 
deposit occurs in clays and sands that overlie the Greensand, 
and is of Tertiary age. The beds are from 4 to 16 feet thick, 
and are inlerstratified with the clays. It contains 43 per cent. 
of volatile matter, 58 per cent, of coke, and it yields 50 gallons 
of crude oil per ton. It abounds in the remains of fish, 
Crustacea, and other marine organisms, and hence, like the crude 
oil of Canada derived from strata containing similar remains, 
it has a very strong smell. The oil contains a greater number 
of the equivalents of carbon than do the oils derived from 
coals or ordinary bitumen, and hence it is found to smoke in 
Ordinary lamps. 
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It seems to have been 6rst raised for use about the j 
1700, and was subsequently being worked by means of fnUfl 
about 80 feet deep. It is recorded that the offensive smeHl 
emitted by tbe mineral prevented its use for domestic purpose* I 
except by poor cottagers of the neighbourhood. It ceased W f 
be worked about the beginning of the present century ; but w 
the demand for oil sliales sprang up, consequent upon tbt J 
introduction of paraflin, and preceding the general me o(,| 
American petroleum, a brief period of mining activity ensued; 1 
but the unpleasant smell and the density of the oil reDdered J 
permanent success impossible. It has, however, been used a 
various limes in potteries that have been established forworldljl 
the adjacent clays. 

In Ireland, bituminous matter is occasionally se 
out of Silurian strata. More important was the aitempj 
manufacture paraffin from peat, which, during the deraanc 
oil-producing substances, was made on an extensive scald 
the Irish Peat Company in Klldarc. As the use of peat ■ 
again be resorted to when the bulk of the petroleum wells if 
failed, it is well to place on record the results obtained byl 
company from one ton of peat. 

Liquids not oily .... .65 ealk. 



Si. 



From which were obtained — 

Lamp oil ... . 

LnbricaliDg oU 

PalBiiili 

Amtnoniii 
Acetic acid . 
Naphtha 

with as pet ccni. of charcoal. 

Sweden, — Bituminous matter, of more interest geologi 
than commercially, occurs at Millaberg, Wennland, Sw 
As shown in lig. 53, it occurs in gneisslc rocks, aod derive 
interest from tlie fact that it shows the presence of n^tt 
matter in some force in itrats oi Launmtian age. 

UlSCE. — At FcymoreAU, near I'ontenay Ic Comi^ i 
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Bourbon Vendee, is a small coal-field that stretches between 
Nantes and Rochelle, ft-om some o£ the strata of which, as I 
have already stated, paraffin oils and products have been 
obtained for many years. The strata from which these products 
were, and it may be are still, obtained underlie a coa! of inferior 
quality. They do not contain any vegetable impressions, 
which, we have seen, is usually the case where coal passes into 
a highly bituminous state, as in cannel. The shales are of a 




deep black colour, and when first rained are tough and hard, 
but they soon fall to pieces on exposure to the atmosphere. 
They bum freely, with much smoke and a long flame. They 
are not, however, uniformly bituminous. In places these shales 
reach a thickness of from 30 to 40 feet. Ordinarily they yield 
about 15 per cent, of light oil, on slow distillation, with 60 per 
cent, of ash and some water. They belong to the ordinary 
Coal-measures. 

On the other side of France, about Autun, is another small 
coal-field of ordinary Coal-measure age. Here bituminous 
schists, like those of Feymoreaii, occur much higher up on the 
series, and several hundred yards above the highest coal-seam. 
At Cordesse these schists are about 10 feet thick. They are of 
a reddish brown colour, but become black on exposure to the 
atmosphere. Some of the beds are pyrilous ; the quantity of 
oils of all kinds yielded by them varies from 6 to 50 per cent. 
They are worked partly by open quarrying and partly by drifts 
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or adit levels, as is common in the coa! mines of South V 
The manulacture of paraffin, paraffin oils, and other p 
has been carried on here since the year 1835 with 
success, the industry here, as well as in England, having b 
greatly affected of late years by the exportation of good oils at 
very low prices by America, 

Of very great importance commercially in another direction 
— that of the construction of roadways— are the bituminous 
deposits of the banks of ihe Rhone, near Bellegarde.' These, 
with some of the uses of the bitumen, seem to have been dis- 
covered in the year 1721 by Dr. Eyrinis, who thought that in 
the bitumen he had discovered a panacea for all the diseases 
to which human nature is liable. It is on record^ however, 
that from time immemorial the inhabitants have noticed bitu- 
men; hence the name of the principal hill — Pyrmont. In the 
fifth year of the Republic a gentleman obtained a concession 
from the Directorate, his idea being to work the mineral for 
home consumption. 

The concession extended along the two banks of the 
Rhone from Bellegarde to Seyssel — 4 kilometres. It is from 
the last-named place that the chief mine of the district lakes its 

When the application of bitumen mixed with chalk began 
to extend, Secretan, the lessee, opened a mine and establisheii 
a manufactory for the production of mastic. At this junctuR 
some of the inhabitants disputed his right, on the ground thji 
the concession had been obtained for bitumen only, contend- 
ing that the use of bituminous chalk is different from that 0; 
free bitumen, and that the working of a quarry was not under 
the same law as was ihe working of mines. 

After much deliberation, the Council of Mines decided thai 
the works at Seysse! constituted a mine and not a quarry, an! 
that the concession included the right to extract chalk as wfl' 
as bitumen. 

In the year 1843 these rights were finally confirmed, and ir 
the meantime the mine continued to be the chief source ui 
' L. Malo, Fabrication de VAtphallt it dei Bilumes. 



asphalte mines of seyssel. 
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mastic. The output was, however, reslricled until about ttie 
year 1838, when the use of asphalte in the construction of fool- 
paths give increased importance to and extended the operations 
of the mine. 

In the year 1855 the production had risen to 1,500 
tons yearly. In 1863 it had increased to 10,000 tons, and the 
productioQ continued large subsequently. 

The deposit at Seyssel consisted of a hill 400 metres long 
by 100 metres wide. It consists of chalk surmounted by beds 
of Greensand. 

The chalk is made up of three layers of bituminous chalk 
from 3 to 4 metres thick, which are separated by three layers 
of while chalk not impregnated with bitumen, and which vary 
from 1 to 15 metres in thickness. 

In the impregnated layers the chalk is in places high!)' 
crystalline, and in others it is made up of shells, among which 
tishes' teeth are found. The bitumen occurs in cracks, cavities, 
and I^ers. It forms from 8 to 10 per cent, of the whole 

The theory has been suggested that this bituminous matter 
has been derived from carbonaceous deposits far below, which 
have been slowly distilled by volcanic or chemically produced 
heat, the vapour arising and subsequently condensing, filling 
the pores and interstices of these Upper Jurassic strata. There 
are small proportions of arsenic and of manganese present, but 
the purer the containing chalk is, the better is the result in tht^ 
manufactured asphalte. 

It is possible, however, that it may have been derived from 
carbonaceous matter that formed part of the overlyiog strata 
which have been subsequently denuded, but of which traces 
here and there remain. 

The mineral is got from the beds in blocks of different 
sizes, by means of (niarr>'ing in open excavations, the amount 
of top rock to be removed not being very great. In winter the 
rock is hard like ordinary chalk, and the drill works freely, but 
in summer the bitumen softens, and the rock is elastic. This 
destroys the ordinary action of the powder, and picks and 
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wedges ha.ve to be used. In some other deposits which ^ 
worked unOergrotind a.s ordinary mines, this difficulty does i) 
occur. There are several smaller depQsiis scattered about t] 
neighbourhood of Seyssel which have been more i 
worked, but the description just given will apply generally 4 
ihero all. 

Bituminous springs and deposits abound over the plain I 
i^ Magne, in Auvergne, some only of which have been ( 
plored. The mineral is of two kinds, calcareous and s 
It is of areddish colourand a pronounced arsenical odour. ' 
principal springs are at La Fontaine de Paix, on 
between Pout du Chateau and Clermont. They give some hid 
dreds of kilogrammes during the summer, but they are stop[ 
during the winter. 

Another imiwrtant bituminous deposit, which is of the si 
geological age as that of Seyssel, is that of the Val de Trave 
an the right bank of the Reuse. This deposit was also d 
covered by Dr. Eyrinis. It subsequently passed throd 
several hands, and, with Seyssel, was made the base of extenaj 
gambling transactions by speculators; but about the year i 
it got into regular work, and is now an important source of d 
asphaltum of commerce. 

Here the principal bituminous layer forms a. lenticular n 
of about 8 yards in thickness and i6o yards in breadth. 
covered immediately by an asphalt earth known as 's 
and this is overlaid on the surface by a thin layer of vegeta 
matter. The deposit is richer in bitumen than those of Seys 
and contains from la to 13 per cent, of bitumen. It n 
until recently, worked as an open quarry. 

Germany. — The slates below the brown coal of Tertii 
age on the Westphalian side of the Rhine are very biti 
They have been worked to a considerable extent, 
products have been manufactured at Deul, opposite Boi 
These shales are very thin, and they are known as ' btatte,'] 
paper-coal. 

At Bamberg, in the north of Bavaria, and at Reuiliitf 
near Tubingen, in Wurtemburg, the Posidonia schist 
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I'pper Lias have at times been worked for the manufacture of 

Lurning and lubricating oils and paraffin. 

The same schists have also been worked at Orawicza, in 
Hungary. 

By far the most important bituminous district in Germany 
is that of Hanover. This oil region extends from the city of 
Hanover, where oil is found in the suburb of Linmer, to the 
villages of Oilper and Klein Scheppenstett on the cast and the 
Hildeshoim Hills on the south; and it has been thought pro- 
bable that the same condition of the strata may be found west- 
ward towards Bremen. 

The strata are apparently of Permian age, and it is possible 
that, in parts of the area, they may have connection with and 
be influenced by the overlying Eisleben shales in which the 
copper slate is found, and in which there is an abundance of 
fish remains and those of other sea organisms. 

The wells vary in thickness from 50 to 280 feet, according 
to the thickness of the strata overlying the oil-bearing beds. 
The general order of the strata is as follows, in descending 
order :— 

I . Fine Esnd with boulders of giinite and flint ■ 31 

a. Blui-sh grey ctny 13 

3. Blue clay with layers or limeslone 10 

4. M«l 65 lo Bo 

5. Rock with veins ofquartz .... 115 10 130 

b. SitDdalone with pyrites, showing the Gisi\ 

traces of oil Thiclineas 

7. Saodstone nith black and red sand . . \ not 

8. Layer of pebbles, in which the oil is found fii^B"- 

most abundantly . . . . ) 

In the neighbourhood of Bentheim, to the west of Han- 
over, in sinking to the oil-bearing bed a deposit of bitumen 
has been found. This mineral is found solid in the fissures of 
the sandstone. About 400 tons of this bitumen have been 
raised here from a mine belonging to Mr. Sargent. This 
mineral, distilled at the mine, yielded 1 10 gallons of petroleum 
to the ton. 

This partially solid bitumen is frecjuently met with else- 
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where in the same [wsition in sinking shafts. It varies i 
thickness from a few inches to 3 feet Over ihe whole 1 
bitumen is seen in places oozing out of the strata. 

As pumped out of the wells the liquid is composed of a 
third water containing x per cent, of saline matter, and tJ^ 
thirds oil. This crude oil, when refined, gives 45 per cent* 
best petroleum. 

This oil region has been worked more or less for the last tj 
hundred years. In the year 1872 Professor Harper, of Pol 
sylvania, made a survey of the district, and during the 
twenty years many trials have been made by boring, 
close of the year iSSi there were thirty companies form 
one hundred derricks already erected, and about sixty t 
holes in the course of sinking. At that time the average y 
per well was from 10 to 15 barrels per day. An areal 
40 acres near Olheim, which, with Oilper and Oilbei^, fora 
great centre of the industry, yielded for a time from 400 to j 
barrels a day. 

A great furore prevailed about this oil region, chiefly, % 
to be feared, for speculative purposes, in the year i88j, andfl 
proprietors of the land acquired an exaggerated notion of fl 
value of their properties. They demanded from 60/. to id 
per acre for the right of boring alone, with the necessity of tl 
lessee purchasing one-half of the property as spoiled land. The* 
agreements generally included the right to purchase the wh( 
property within a given time. 

Some of these concessions were secured at a price of ly' 
per acre, and in parts more distant from proved oil wells tin 
right to bore was secured at prices ranging from i/. to S-' 
per acre. 

The wells were sunk by the Pennsylvanian rope boring 
apparatus at a rate of from 30 to 40 feet per day. 




CHAPTER XIII. 

CA RBON—centiiwtd. 

IS DeposiU of Spain, Italy. Roumania— Bilnmen and Pelroleam 
of the Caucasus and Caspian Regions — Bituminous Springs of the 
Valley of the Euphtates, of British Burraah, of the Punjab — Pilch 
Lake of Trinidad — Bituminous Springs of Batbadoes, Cuba, Venezuela 
— Bituminous Coil Deposits of North America — Geological Age of the 
various Petroleum-yielding Strata of North America — Particulars of 
the Oil— Mode of Sinking Wells — Bituminous Springs and Schists of 
' Soatb America — Geneial Conclusions. 

BITUMINOUS SUBSTANCES—continued. 

\ Spain, at Maisier, about len miles east of Vittoria, there 

ensive layer of bituminous chalk, very fine-grained, 

tDpact, and regularly impregnated with bitumen. Unfortu- 

kely, it is situated at the bottom of an almost inaccessible 

;e, but this natural difficulty will, no doubt, be overcome 

•x the mineral is wanted. 

f In Italv, ihe oil of Agrigentum was famous in very ancient 

les, and in Piedmont crude oil has been pumped recently at 

zano, near Voghera, and also in the valley of Cocco, 

r Greece, a well in one of the Ionian Islands has yielded 

troleum for upwards of two thousand years. 

Extensive beds of lignite occur in Roumania, and bitumen 

i found in different localities. The latter mineral has been 

teked near Prahova and Bouzes, where amber is also found. 

§ Borth-eastern Roumania there are numerous petroleum wells, 

[ the oil-bearing strata are estimated to cover an area of 

i square miles. The present annual production is 

mputed as equal to about 300,000 barrels. 

The production of petroleum and other bituminous sub- 

mces is also large in Southern Russia, the productive strata 

ween the Caucasus, the Caspian and Black Seas, being of 
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very great exlent. Apart from the natural supply, utilUed 
some degree by the natives, latterly systematic attempts hiw 
been made to obtain petroleum by pumpiog. Two »dl 
have been sunk in the valley of the river Kuban, wliich flo« 
into the Black Sea, and many wells have been sunk in the di 
trict near liaku, on the Caspian Sea. These wells ate geoeial 
sunk to a depth of 300 feet, and are said to produce *8,« 
barrels of crude petroleum. A large quantity of sand comi 
up with ihc oil. The refined oil is said to be equal to that 1 
America. During the year 1881 the pelioleum trade of ihi 
region was very much developed, and 5,000 vessels arei&idU 
have entered and left the port of Baku, which were chJc^ 
employed in the petroleum trade. 

The production of refined petroleum for the year 1883 w 
jo6,ooo tons, and the firm of Nobel Brothers manufactiuc 
addition yearly 450,000 tons of mazeot, or liquid fuel, besM 
other products of peiroleum. 

Reference has already been made lo the abundance 
bituminous matter on the banks and in the waters of the E 
phrates, and we are familiar with the Bible reference to its tl 
in the construction of Noah's ark and the building of the T& 
of Babel. Evidence remains that it was used in the buildt 
of Nineveh, and to-day the springs of the region supply 
inhabitants with oil. 

In India, petroleum, now usually known as Rangoon 
Burmese oil, has from time immemorial been obtained &l 
wells on the banks of the river Irawadi, on the north-east b 
der of Bengal, adjoining, and to some extent in, Burinah. Th( 
wells, of which there ate usually from 500 lo Goo, are sitoal 
between Prome and .^va. The strata consist of marls of Gre 
sand age, which ate interstralified with beds of lignite and bi 
minous matter, and these are overlaiil by sand and gravel, 1 
wells are sunk through these strata to a licplh of about 100 6 
when petroleum is obtained, and also naphtha. 

The wells aie mostly situated on the left or Bunnafa 
of ihe-river, which, near Wclmasut, forms a cliff 3«venU i 
loDgADd eighty feet hi^h. Near Pugati,alitilc higher up the. 
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tban Wetmasut, there is inters (ratified ad.irk bituminous shaly 
limestone, which, from its fossils, is found to be identical in 
age with the London clay. Fossil wood abounds in the strata 
near Wetmasut. Along the whole length of the oil region be- 
tween Prome and Ava there crops up at intervals an older lime- 
stone, probably of Silurian age. The recent production of these 
wells is staled at 400,000 hogsheads, about 25,000,000 gallons. 

There are a number of springs in the Punjab, the yield of 
which, in 1880, was 2,850 gallons. 

Id the West Indies prominent notice must be given to 
the celebrated Pilch Lake of Trinidad. This forms the head 
of the harbour of La Brae. The bituminous mailer, of the 
consistency of thick treacle, flows out of the hillside. It 
hardens on exposure to the atmosphere, but the newer streams 
flow over the older and more hardened lajcrs. The surface 
of the hardened layers forms undulations in which are pools of 
water ihal contain fish. 

Beds of lignite and bituminous matter are interstratified in 
the cliffs of the shores, and the pitchy fluid oozes out and flows 
over the water as 1 have described. 

The hard bitumen is ofagrey colour, rather brittle. Ilia 
varied somewhat in quality, as it is mixed with the sand and 
odier matter over which it flows. 

It was from the bitumen of Trinidad that Dr. Gessner first 
obtained kerosene, and the result of several trials he made as 
to its oil-producing quality is as follows : — 

» Specific gravity , . . . o^SSi 
Crude oil ..... 70 galls. pCT ton. 
Refined oil 42 „ 
Lubricating oil . . .11 „ 

The strata appear to belong to the Upper Tertiary. 

Besides the Pitch Lake of Trinidad, the whole region con- 
tains springs of petroleum and bituminous matter. In St. 
Andrew's parish, Barbadocs, there is a petroleum spring, the 
product of which has been sold as 'Barbadoes tir,' or 'green tar.' 

Several springs issue from a serpentine rock at Guanabacoa, 
near Havana, from which different varieties of bitumen are 
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obtained. These were formerly used for pitching or ' carej 
ing ' the ships visiting the place. Near Cape de la Brea strea 
of naphtha issue from the mica slate and cover the sea for soin 

In tJie eastern part of Cuba, between Holguio and Mayan, 
there are also springs of petToleum. 

The same geological conditions prevail in Venezuela as 
in Trinidad, lignite and bituminous beds being interstralihed 
with other beds of Pliocene age. Near the Rio Tara, on the 
surface of a sandbank, there are a number of cylindrical boles 
of different diameters, througli which streams of petroleum 
mixed with hot water occasionally issue out with great noise, 
and to the extent of four gallons a minute. There are also 
places where inflammable gas escapes from the soil. In the 
neighbouring republic of Columbia, between Escuque and 
Bellijoque, bitumen is collected by the labourers, and by i 
rough process of distillation oil is obtained from it. 

North America.' — In describing the important bitumin- 
ous resources of North America, I will first notice some of the 
principal deposits of the more solid varieties of the mineral, 
and then describe the conditions under which the more liquid 
varieties of naphtha and petroleum are found. 

Among the first-named, the Albert coal, of Hi! Ubo rough, 
Albert County, New Brunswick, occupies a chief place. It is 
described as a vein nearly vertical, from one to sixteen feet in 
thickness, differing in several respects from an ordinary coal- 
seam. It is associated with rocks strongly impregnated with bitu- 
men, from which its contents have probably been derived, The 
mineral is brilliant in appearance, it breaks with a conchoidal 
fracture, and is highly elastic. It dissolves in naphtha and melts 
in the flame of a candle. Its composition is as follows -.- 

Carbon 85-400 

Hydrogen 9- zoo 

Nitrogen -^-obo 

Oxygen fxia 



I HilcLcodk, Gessner. 
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The average yield of crude oi!, as shown by several tiials, 
is J lo gallons per ton, or — 

Volatile mailers . . , , 61-050 
Coke 30'65o 

LHfeioscopic moUture . 0-860 
Coke r'440 
This mineral has been the subject of much litigation, hinging 
n the question whether it was asphaltum or coal. Coal 
been reserved by the Government, but no mention was 
made of asphaltum in the original grants of the land. In ihe 
spring of 1851, a Halifax jury decided that it was asphaltum, 
basing their decision on the scientific evidence laid before them. 
In the summer of the same year another jury, after a trial of 
eleven days, gave a verdict in favour of the mineral being coal. 
Perhaps, after all, it is only a vertical cannel coal seam, 

Breckmrid^e Coal.- — Among the coal beds of the vast Alle- 
ghany or Apalachian coal-field of the United Stales, there 
are several beds of cannel, including that which is known by 
the above name. This bed, which is a rich cannel, is worked 
in the county of Breckenridge, Kentucky, It is a bed of about 
three feel in thickness. It yields at a red heat — 

Volatile ma tier 61-300 

Fiied carboD 30'Oixi 

Ash ....... 8-055 

Hygroscopic inoi*tutt -645 



The results are, however, variable, as is the quality of the 
coal. Ordinarily it yields 130 gallons of crude oil to the ton, 
of which 58 lo 60 may be made into lamp oil, with varying 
proportions of the heavier oils and of paraffin. 

Petroleum-bearing strata range over an immense area in 
North America, occupying large districts comprising several 
hundred thousand square miles, from Carolina in the south to 
Canada in the north, and from the extreme east to the ex- 
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treme west. These strata are of almost every geological i 
as the following parliculajs will show. 

Tertiary Strata. — To the Pliocene division of this £ 
belong the oil-producing rocks of California. In the Cretaced 
strata of Colorado, Nevada, and the plains of the Mississifj 
River both petroleum and lignite beds occur. In North Car 
Una and along the Connecticut River oil occurs in bedsfl 
Triassicage. In Western Virginia the bulk of the oU wel^ 
_.~. are in strata that lie 
near the summit of 
the Coal • measures. 
Lower down in the 
same series, near the 
Pitlsburgcoa!,arelhe 
oil wells worked at 
Wheeling and 
Athens. Four hun- 
dred and seventy-five 
feet lower down still, 
near the Pomeroy 
coal-bed, is another 
oleiferous band ; anil 
again oil is derived 
from near the base of 
the Coal-measures in 
the top beds of ihe 
Millstone grit. The 
Archimedes lime- 
stone, which lies neai 
the base of the Car- 
■ boniferous limestone, 
' has produced oil in 
Kentucky. 

In the Chemang 

and Portage group. 

which corresponds to our Middle Devonian strata, are iht 

petroleum wells of the West Pennsylvanian oil region, as well 
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as those in northeast Ohio, These strata have a combined 
thickness of from z,ooo to 1,500 feet. At the mouth of Oil 
Creek the lowest beds of the Coal-measures are seen capping 
the hills. The intervening rock between these and the upper- 
most strata of the valleys form the hillsides and the uppermost 
strata of the valleys. 

In these valleys the strata intimately connected with the 
oil-bearing rocks are shown in fig, 54. 

The average depth of the wells is about 650 feet, but wells 
have been sunk to a depth of 1,200 feeL The depth depends 
upon the amount of strata overlying the first sand rock at any 
particular point, and also, in a lesser degree, upon the variation 
in the thickness of the sandstones and shales down to the 
third sandstone. Oil is usually struck in the first sand rock, 
and it occurs more or less in the strata down to the third sanil- 
stone, but it is in this rock that is the great oil-producing bed 
of the region. The 

separate beds of rr^^^^i^i^ .^~.'": 

sandstone are readily g';:f'. ^■.'' "S-e-^. "^ 

distinguished by ^^i^r.T.c, - ^" , 
their enclosed fos- '■■-'■'■'■ ■'■ / 

sils. 

These strata are ' , ~ 

throughout the re- 
^ gion ihroivn up in 
anticlinal ridges and 
synclinal troughs, as 
shown in fig. 55, C 

The bulk of the 
productive oil wells 

have been sunk in the valleys, where the oil has accumulated 
in the troughs of the strata. But productive wells have also 
been worked in parts of the ridges where, m the process of 
upheaval, the strata have been broken, forming cracks of 
various magnitude. 

Autliorities are divided in opinion as to the ^e of the 
Canadian oil strata, some making them the equivalent of our 






TKB Oil Stsat* 
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Wenlock limestone and shale, while others place ihem near the 
base of the Cambro or Lower Silurian. Possibly in different 
localities both of these groups of rocks contain pretroleum. 
One characteristic of the Canadian oil strata is the profusion 
of moUuscan and crustacean remains they contain, and it is 
from these, as well as from the remains of other marine vege- 
tation associated with them, that the oil is supposed to have 
been derived. 

Some of the natural oil springs about Dereham and Ennis- 
killen occur along the line of a long, low anticlinal ridge 
which runs east and west, and is made up of a limestone with 
overlying shales. Springs also abound along the Thames for 
sixty miles west of Dereham. The oil seems to have been 
accumulated in the cavities of the limestone, and it is probablv 
derived from the overlying shales with their vegetable a:i ' 
animal remains. In places the shales and the limestone .1! 
overlaid by drift ranging from forty to fifty feet in ihicltncvs. 
Productive oil wells have been sunk in similar strata in 
Kentucky and Ohio. Canadian petroleum was known lo the 
early settlers, and on Black Creek pretroleum springs had 
covered about two acres of land. These have left solid 
bitumen on the surface, the lighter portions having evaporated. 

The quality of the oil varies according to the nature of tht 
sirala from which it is obtained, and, as in the great Peim- 
sylvanian oil region, according to the depth from which ' 
is worked. Heavy oils rich in the various ordinary produr- 
come from the shallow wells, the lightest oils coming from ih- 
greatest depths. 

The oil from the Pennsylvanian wells is of a greenish coloui 
and in a crude state of an unpleasant smell. These oils yieM 
when distilled 70 to 85 per cent, of a very fine burning oil, , 
which is usually sold subject to the test that it will not influne 
or pass into vapour under a temperature of 108 to 11 

Some of the wells in Pennsylvania and sotne in Ohio0^ 
heavy oils of a dark amber colour which yields about 90 | 
cent, of petroleum and 5 per cent, of naphtha, and whici 
used in woollen manufacture instead of lard oil. Some of 61 
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Ohio oils make excellent lubricators, and about Duck Creek 
fine burning oil of a light colour is obtained. 

Two tests of petroleum from California gave the following 
results ; — 



Burning oil 

Lubticatjug oil 

Pitch to 

Waler .... 4 



3«l«TO 



Bnrning oil . . . 
Ligbt lubricatinE oil 
Naphlha . . . . s 
Heavy oil and pani^ 15 






Crude oil from the Buonaventure district in California give 
50 per cent, of burning oil and 28 per cent, of lubricating oil. 

The Canadian crude oil is of a dark colour and offensive 
scneli, which was at first very much against its sale. \Vith the 
improved methods of distillation now in use this smell may 
now be effectually removed. 

In the principal oil districts of the United States, on lands 
containing or supposed to contain oil, the right lo raise the oil 
is usually leased by the owner for a period of thirty years. 
He reserves to himself a royalty ranging from one-tenth lo 
one-half the oil, and he fretjuently receives at the outset a 
bonus of from 1,000/. to 2,000/. The lessee is bound to 
commence work within two months, failing which he forfeits the 
lease, as he also does if he continues work beyond a specified 
time. Occasionally a lump sum is paid down for oil rights at 
the beginning. In Western Virgmia this ranges from 40/. to 
joo/. per acre. In the heart of the Pennsylvanian oil region 
the price is 200/. per acre. Further from the centres of the 
oil iodustiy the price ranges as low as from zo/. to 50/. per 

The wells are generally sunk with ordinary boring tackle 
worked under a square-framed derrick forty feet high. A pipe, 
usually 4 inches diameter, is first driven through the soil and 
jointed as it goes down, lo a depth frequently of thirty feel. It 
is cleared of its contents of earth, clay, and sand by a suitable 
tool, and then the boring rods are put to work their way 
through the rock like the old-fashioned boring for coals in this 
country. Before the hole is deep enough the whole of the 
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boring tools usually weigh half a ton. When the hotel 
been taken down to the required depth, it is lined by a tT 
inch wrought-iron tube. In the first pan of this tube t) 
let down the valves are carefully placed, and the first lengtl 
the pumping rods is attached. The remainder of the pipes wr 
then screwed on in i a-feet lengths, and the pump rods attachen 
as the tube is let doivn until the whole length reaches it"' 
bottom of the hole. 

The wells were sunk by this, the old airangemenl, at iti ■ 
rate of six to eight feet a day, and the total cost of a »'fli 
about sixty feel deep would be about 2/. 5*. a foot. Driilini; 
machines are now used with advantage as to the saving "'■ 
time, but probably at not much less cost than formerly. 

Care is taken to prevent n-ater flowing down to the p>»nv 
by placing a bag containing linseed, so made as to enciicli^ 
the tube at a given depth. The seed on becoming moii 
swells and fills the bore-hole, and effectually prevents ihf 
downflow of superficial water to the oil. 

South America. — Bituminous schists occur near MendeL-, 
in the Argentine Republic, and liquid petroleum springs ci.'' 
south of the city. An important deposit of petroleum al? ■ 
occurs about joo miles from Mcndoza on the road leailii-: 
to the ' Planchon' Pass for Chili. The crude petroleum hn 
yields 40 per cent, of pure kerosene oil. 

The liquid is discharged from fissures and other apenun-- 
in the rock. Id the summer it flows more quickly and to 
greater distance than in the winter. It gradually cools as it flo" 
to a distance, and becomes a hard, compact mass of biiumcn 

From the foregoing description of the geological condition 
under which bituminous substances occur in nature itwiU^ 
seen — 

I. That they are more or less connected with de| 
vegetable matter, either forming pan of such deposits, as iafl 
case of cannel coal, the Boghead, Autun, Breckcnrid^a 
other similar deposits, or derived from them, as in the c 
the French and Swiss bituminous calcareous dq>Dstt, | 
Indian and American petroleum wells, and the Pitch T 
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aod the bituminous matter of the Caspian Sea and 
the regions of the Euphrates. 

2. Even where the original deposits of vegetable remains 
are not now seen overlying the bimminous matter, we may 
DOW assume, from slight indications that remain, as well as from 
the analogy of similar deposits elsewhere, that they once did 
and that they have probably been subsequently removed by 
denudation. 

3. We sec that where bituminous matter abounds in a bed 
of vegetable remains, as in the cannels of Flintshire, the con- 
ditions under which such bed was originally formed were 
different from those under which ordinary coal beds were 
deposited. From the entire destruction of vegetable structure, 
and the presence above and below of fish remains, we infer 
that the vegetable matter of which bituminous coals were 
formed was deposited in water, and — from the frequent issue 
of salt water from such deposits — in salt water, probably in 
shallow lakes bordering upon the sea, and that they were 
composed of plants of ditferent sizes and structure to those 
forming the less bituminous beds. 

4. We infer that so deposited in lagoons and marshy places, 
the juices of the plants themselves would escajie evaporation, 
and also that in the process of decomposition the carbon of 
the vegetable matter would absorb and become chemically 
mixed with a portion of the hydrogen of the water by a similar 
process to that we see occurring in luy, straw, and other sub- 
stances put together in a wet slate, and partially excluded from 
the atmosphere, and in the course of which much heat is 
evolved. 

5. As these deposits became covered up and compressed 
into a completely solid slate, and to the entire exclusion of 
air and further moisture, their chemical condition became fixed, 
as we see in the case of coal-seams when first struck under- 
ground, 

6. When, consequent upon the breaking up of the strata by 
processes of upheaval and depression, air and moisture have 
been again admitted by cracks and by exposure in hillsides 
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and cliffs, chemical changes gradually follow, which of t 
selves probably give off heat enough to cause a sloi 
tion to take place. This result is illustrated in the 
petroleum from the cannel coal-seams in the Buckley Mount 
colliery, in the petroleum spring from the Shropshire < 
seams at Madely, and in the flow of liquid bitumeafl 
Trinidad. 

7. We are thus led to the conclusion that all the foq 
of liquid bitumen have been derived by a slow natural proc 
of distillation at a low heat produced in the mass bychemi 
action ; thai, favoured by natural fissures, the liquid has fl 
into cavities and natural receptacles in strata that are of on 
date than the source whence the liquid was derived. 

8. The chemical changes referred to have bee 
panied by a large production of inflammable gas, whidi 
many of the American wells has been the chief agentfl 
forcing the liquid volume to the surface. The water by b" 
the oil is accompanied is that which has found its way G 
the surface, and derives its frequent saltness from the i 
through which it has flowed. 



Amber was called cUclrou by the Greeks, becauscfl 
became electric very readily when rubbed. It was also c 
iumnum, or juice, from its supposed vegetable origin. 

Its chemical composition is: carbon ji'o, hydrogen 1 
oxygen io'5. It is yellowish in colour, ranging to white a 
brown, and is transparent to translucent. It occurs i 
chiefly of Tertiary age in France ; in the London clay of tj 
Paris basin; in Austria on the coast of the Adriatic, andl 
Poland. It is most abundant on the German coast of i| 
Baltic, in the peninsula of Samland, between the bays Tusd_ 
Haf and Kurische Haf, and especially near the townV 
Konisberg. It is imbedded in cky of Tertiary age, oittl 
which it is washed by the sea where the clay is within the w 
of its waves, and it is collected on the sea-shore. It is al 
obtained direct from the clay by digging and subsequent washil^ 
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and sifting. The industry gives employment to about 1,400 
persons, and about 130 Ions 3. year are collected. The right of 
gathering the deposits in the lagoons of Tusche Haf and 
Kurische Haf has just been lei by the Pnissian Government for 
a further term of twelve years to the finn which has enjoyed 
the monopoly for the last twenty-four years, for the sum of 
ijo,ooo marks. It is estimated that each cubic foot of earth 
contains from half a pound to a pound of amber. Amber 
frequently contains the remains of insects which got entangled 
in it when it was a viscous fluid, and many signs of their 
struggles to get fiee are apparent. The earth in which the 
amber is found seems to have been derived from the waste of 
Greensand beds, where these rested on an old Silurian rock, and 
it is supposed to have come into its present position by the 
wasting of such rocks in Scandinavia and Finland. 

The trees are such as grow in letnperale zones — camphor- 
trees, willows, beeches, birches, and oaks, with pines and firs, 
including the amber-pines. To have furnished the quantity of 
amber found it is supposed that many thousands of amber- 
pines must have perished and the amber gum have accumulated 
in the soil before the submergence of the land took place. 



CHAPTER XIV. 

SULPHUR. 

Abundance of Sulphur in Nature— Vurielies^Sulphur Mines of Sicilj— 
.Situation — Geological Position — Details of Strata — Thickness of Sol- 
phur Bedi — Percenlsge of Sulphur contained — Associaled Mineiali — 
Methods of WorkinCt Costs — Sulphur Mines of the Mainland of Italy 
— Cessena— Greological Position — Thictnesa of Bed— Modes of Work- 
ing and of the Treatment of the Mineral — Sulphiir Deposits of Greece, 
of Russia, of Iceland — Pysjtes, ProductioQ of in the British la 
r,rowih— Of the Treaimenl of on the Tyne— Pytiles of Norway, of 
Germany, of Spain and Portugal — Description of the Rio Tinto Mil 
of Spain. 

Sulphur is an abundant mineral in nature. In a finely di* 
serainated form it is present in most rocks. It enters largely 
into the contents of mineral lodes. It is present in force in 
particular beds in different geological formations, and exten- 
sively associated with the ores of most metalliferous minerals^ 
silver, copper, tin, lead, zinc, iron, and many others. With it 
and copper it is present in such abundance that the sulphiu 
of these ores formsonegreat source whence the sulphur of coi 
raerce is derived. It also occurs native in the raann^ a: 
under the conditions hereafter described. 

Native sulphur is in colour and streak yellow, sometim 
of an orange yellow, with a resinous lustre, and transparent ti 
translucent. It is soft, and may be scratched with the nail, 
specific gravity is z'o?. It occurs perfectly pure and : 
mixed with clay, bituminous and other substances. When] 
contains selenium, it is of an orange yellow colour. It bur 
with a blue fiarae and a sulphur odour. It is a very use 
mineral, being largely used in the manufacture of 
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powder, sulphuric acid, and for bleaching and medicinal 
purposes. 

The chief deposits of native sulphur are found in Italy. 
Indeed, up to the present time this country has possessed the 
almost exclusive monopoly of the production of sulphur, 
although there are lesser deposits of the mineral in France, 
Spain, Greece, and on the borders of the Red Sea. 

The chain of the Apennine Mountains, which runs down 
Italy and is continued into Sicily, is made up of Tertiary strata, 
and at various points along its course these strata furnish indi- 
cations of the mineral, which is lo some extent mined. But the 
bulk of the sulphur produced by Italy is obtained from the 
deposits in Sicily,' the annual production being estimated at 
200,000 tons. The Government mining returns for iS8i 
estimates the value of the whole of the sulphur mined in 
the kingdom at 1,000,000/. In Sicily the central chain of 
mountains stretches from Messina on the east-north-east to 
Marsala on the west-sou ih- west. Another chain crosses the 
island from Nito. on the south-east, and from the main chain 
about midway in its course opposite Cefalu. In the triangular 
space formed to the east of these two ranges rises the isolated 
volcanic mass of Etna, A Utile basin of strata containing 
sulphur is found lo the north of the main chain in the province 
of Palermo, With this exception all the sulphur deposits of 
the island are found south of the main chain, and on both 
sides of the south-east and north-west chain, but chiefly on its 
west side. There are about twenty points at which the 
deposits have been proved and worked, the principal mines 
being situated near Catlolica, Girgenli, Licata, Caltanisetta, 
Centorbi, and Sommatino. 

Stratigraphically the sulphur deposits seem to belong to 
the middle of the Tertiary division of strata. The following is 
the general succession of these strata in the district, in des- 
cending order :— 
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Jl. Sondilone and calcareous cement, conglomerated t 
wilh intetcalated layeis of foisUifeniiu marls i 
gypsum becl9, Ihickaess too to 150 mftres 
1;. Calcaicous tufa, chiefly made up of fossiU in little x 
mulalions. 100 metres. 
3. Bluish grey maris, 38 metres. 
■4. White calcareous marls with foraminirera, tlie c 

sometimes being grey, ja to lao metres. 
■5. Saccharoid gypsum, crystalline gypsum, and folitlei 
gypsum, wiih impressions of lish remains with nilphnr 
beds, ao metres. 
*6. Calcareous SDlphoroDS marls, tufas, and gypsums, 33 

7. Compact calcareous marls, sometimes silicioos, corres- 
ponding to the bed called cagnina in the sulphot 
mines of the Romagna, I to 30 metres. 
■S. Tripoli, divided sometimei by a deposit of calcareous 

aod msgnesian marl, thickness vuriuble. 
9. QuaitEosc and micaceous saadstimes with slightly saline 
marls and intercalated conglomerates, formed partly 
of fragments of cryslalliae rock and partly oT fetiu- 
ginous sandstones, lo lo 40 metres. 
Deposits of salt crystals, generally missing where No- 4 

is present in force. 
Saliferous and gypsifetoos marls of a bluish colour, 
containing petroleum and bituminous substances, 600 



13. Calcareous concretions with silica, 15 metres. 
13. Feiniginous and gypsiferous clay with bitaminoui 
schists containing anagonite, 1.500 to 1,000 metre 
This clay, over the northern part of the snlphmout 
zone, contains a limestone perloraletJ by nummulites. 
Eocene. 14. Nummulitic limestone containing fucoids and jaspet. 

The oriler of superposition given above is not very constant, 
some of the members of the series being frequently missing. 
Thus tiear Caltanisetta the silicious limestone and marls, No, 
7 is missing, while at ihe other parts, notably at Grolacula, 
Ries, and Sommatino, it is strongly developed. At Castel- 
termini also the gypsums. No. 5, are found both above and 
below the sulphur deposit No. 6. 

Of the foregoing strata, Nos. 4, 5, 6, 8 and 12 are those 
which contain the deposits of sulphur. 
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The sections, figs, 56 and 57, show Ihe particular grouping 
of the sulphurous strata near Caltaniselta and Sommadno, the 
section of the beds at the latter place showing abo the highly 
disturbed nature of the strata — a condition so prevalent that it 
is a local notion that highly inchned disturbed strata are the 
most productive of minerals. 

The sulphur occurs in the beds in masses, lying in basin- 
shaped depressions in the sulphurous beds. These are sepa- 
rate from each other. They average in size 20 kilometres 
in length by 3 kilometres in breadth. The mineral is disse- 
minated in the mass of these basins in nests and in iireguiar 
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branching veins, and in little beds lying parallel to the stratifi- 
cation ; exceptionally, as at Kacalmuto, the sulphur lies in 
a sand dyke, cemented by both calcareous and bituminous 
matter. The sulphur is ordinarily amorphous, but it is met 
with frequently in flat, round, and oval-shaped masses that 
contain beautiful eight-sided crystals. Its ordinary colour is 
yellowish brown, with a resinous aspect, Sometimes it is 
yellow, with a slight tinge of green. There is also a soapy 
variety that is opaque and of an ochreous nature. The as- 
sociated minerals are sulphate of lime, carbonate of lime, and 
more rarely, sulphate of baryies. The deposits of sulphate of 
lime (gypsum), are in intimate relation to those of the sulphur, 
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and are apparently due to the same causes. This mineral is 
raet with as a roof to the sulphur beds, and it also occurs in 
separate masses in the midst of them. It is also largely pre- 
sent in the marl beds, where it takes the name of balatino. 
The thickness and number of the sulphur beds or deposits in 
any one of the foregoing divisions is very variable. At the 




Zagartddada, ribbon-like deposits of 

sulphur 800 

Blockiih schisty clay . . i 5 o ID : o o 

Ptreullalflla, neits of sulphur in lime- 

CI.7 . . . . a o o !! , o o 

Percullaltlla grandi . 4 O O ., 6 o O 

ClflF 5 o o .. 6 o o I 

Orlando 5oo„6oo 

or giving from 16 to 22 metres of sulphur. 

At Caltanisetta the average thickness is 4 metres. \' 
Grotacula i z metres in three deposits, which are separatti 
by clay of from i to li metres thick. At the great mine 1^: 
Sommatino the thickness reaches 30 to 33 metres, and ih. 
deposit is divided into six parts of from i to 8 metres, whin' 
e separated from each other by banen partings of about il 
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metre thick. At Lercara ihe deposit reaches a thickness of 
33 metres without any barren partings at all. 

The minimum thickness of the beds is from i| to » metres. 
They are extremely disturbed, inclined, and distorted, and thus 
different portions of the same deposits are separated from each 
other. 

The percentage of sulphur contained in the mass of the 
deposits is also very variable. At Madore it is ao per cent. ; 
at Grotacalda, 15 to 2j ; at Soramatino, from iS to j6 ; 
at Cimico, near Racalmuto, 11. In some mines it is as low 
as II |>er cent. Sometimes near the surface hydrogen is in- 
timately mixed with the sulphur, and this is considered a 
good indication. When this sulphur is exposed to the air it 
decomposes, and becomes similar to the soapy sulphur that is 
found elsewhere in the deposits. 

The underlying clays or marls are nearly always bituminous, 
and occasionally, as at Racalmuto, the sulphur itself is im- 
pregnated with bitumen. Hydro-carbon emanations are still 
continued, and are noticeable at many points, more particularly 
near Callanisetla and Girgenti, where there is volcanic mud 
salt water, and hydro-carbon emissions. 

It has been assumed that these sulphur deposits were 
formed in a series of lakes or lagoons, containing fresh or 
brackish water, into which sulphate of lime found its way, 
ihe sulphur being thrown don-n by volcanic emanations, and 
the organic matter permeating the mass of the underlying clays. 

Associated with the sulphur deposits, or contiguous to them 
are those of saltpetre, chloride of potassium, chloride of 
magnesia, and sulphate of soda. The range of the salt deposits 
commences to the south of Nicosia, and extends to near 
Catlolica, The greatest breadth of this saline band is about 
ao, and its length 120, kilometres. The salines do not con- 
stitute a continuous deposit over all this area, but they are 
concentrated in different groups, the most important of which 
are those of Lconfotli, Piiolo, Cranara, and Trabona, between 
Caltanisetta and Marianopolis. In these deposits there are 
also the chlorides of soda and magnesia. 
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The working of the Sicilian sulphur mines b for the n)a^| 
part in a very crude state. Until recently the miners wci^| 
ignorant of the use of vertical shafts and of (he use of timbflfl 
for supporting roofs. They knew little or nothing of a pbOf^ 
nor of any engines, machines, or mechanical appHfuices for 
the extraction of the minerals or the drainage of the rainei. 
This state of things has resulted from the absence of mining 
legislation, from the profound ignorance of the people, tht 
isolation in which they always live, the want of communication 
into the interior of the country, the want of fuel, vegetable o: 
mineral, and the scarcity of wood for mining purposes. 

Of late years strangers have embarked in mining oper&tioii^H 
on the island, and they have endeavoured to inlrodng^l 
improved methods of mining. But they have met with gtet^ B 
opposition from the lack of resources in the country itself, maj 
also, and most of all, from the oppositiou, latent and open, ti^| 
the people of the country. This resistance, organised in secn^l 
finds means of manifesting itself against modem innovatioufl 
that arouse their antipathies. The consequeiu:e is that it HU 
computed that at nearly all the three hundred and fifty minegJW 
works not more than a (juarter of the work is done that onghiB 
to be done for the money expended. In the mines worked bjS 
strangers a change for the better is apparent, and, with tl^| 
extension of railways, the development of instruction, and ib^M 
efforts the Italian Government is making to repress crimee gW 
violence, and in the deepening of mines, which render tb<B 
ancient methods of working useless, there ate signs of Itnivaf^l 
ment, but it is felt that the progress is slow, and the fajfl 
improvement desired will not come ycl. H 

When the bed of sulphur crops to the surface itself, luid twM 
inclination is not more than 45 degrees, a descent is made f^M 
the bed itself. If the sulphur it!«lf docs not crop up to day, bdS 
the busiale or containing bed Is there, or the patches of 5ulptaa^| 
in the wait of limestone (calcart ilu mur),ot the soapy sultdl^H 
presents itself, a /;n/aA':'rr or inclined s,ha.h (find ot Tta/ier), itii^^M 
is designed so as to reach the deposit in the shortwi ilista^^f 
posiiible, is made. This is also done when the incliiutioi^^| 
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more ihan 45 degrees. These ini^iied galioia are prorxied 
with simple ladders when iheit slope b from 30 defies to 35 
degrees. When the slope is loorc than this, tvo sett of laddes 
are placed side by nde, and the)' aie so ananged that the 
landing-place of the one is half way op the otbo. 

The mioeral b caiiied vp these bddeis on the backs of diil- 
dren and young people of from eight to eighteen jeara of age, 
called rrdrfln, the weights ni^Qg frotB aolbs. to Solbs., accord- 
ing to the age and strength of the bearer. They canythe big 
lumps directly on their shoalden. The small b carried in 
sacks made of rushes. It is not without danger that these long 
files of careizi race up and down the ^itd and ladders. Some- 
times one of them lets fall bis burden, to the bun artd discom- 
fiture of those below. 

When a little water is met with, it is drawn with bottles of 
baked carlh that hold from t6 to 20 litres, and these arc passed 
from hand to hand upwards. ^Vhen the inflow of water is con- 
siderable the work is abandoned. A new one is usually com- 
menced by the wde of the old one, which usually meets with 
the same difficulties and fate, the workers only winning the 
sulphur that lies above the water-line. 

The bud, or inclined shafts, when made in the g)-psum or 
limestone, usually stand williont timber, but when they traverse 
the marls tliey are maintained by a casing of stones cemented 
in plaster, which plaster is baked at a low temperature obtained 
by burning straw. The plaster sets rapidly, but on exposure 
to the atmosphere it falls to pieces and needs constant repairs. 
In the mining excavations in humid marls this casing is quite 
iosufficicnl, and the whole work collapses and is abandoned. 

When the bud reaches the deposit a number of openings 
are made in the latter, usually without any method except that 
of following the rich mineral, and leaving pillars to support the 
roof. The roof being usually of clay, a thickness of about a 
yard of the sulphur is left to support, and when the chambers 
are very large the sides are strengthened by walling, as already 
described. The mineral is extracted by a pick with a blunt 
point ; powder is seldom useil, especially in the rich mineral, its 
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s estimated d 



use being attended with danger. The pick-men t 
hours actual work in the mine per day, and each man is sit[^ 
posed to extract about one ton. The men receive from two to 
three lire a day. The price paid for extraction depends a 
good deal upon the depth of the mine, ilie thickness of liic b 
and the hardness of the enclosing rock. At the Modore n 
which is of an average depth of 45 metres, the price is 
per cubic metre. At Kaculmuto, with a depth of 1S5 metrc^S 
is about 15 lire. 

At the Madoremine the cost of a ton of o 
follows : — 

Lirr, 

Breaking down ... I -57 

Subterranean and shaft carriage .... J-04 

Lights, tools, and repairs ... - '3T 

Putting on heap at sniface . . . 'I5 

Keeping up the mme snd works .... '41 

Drainage - "4* 

Superintendence and general expenses . . -90 

SN 

At the mines of Comica the cost per ton is estimated 
5' 12. The average cost pet ton is given at 5'38. To this si 
has to be added the cost of general administration, 
redemption of capital, &c.^i'i4, making a total cost per t 
of 6$2. 

We will take as an example of tlie sulphur mines work 
on the mainland of Italy those grouped near the ancient c 
copal town of Ccssena, and which are worked with Engliiili 
capital and skill. These mines comprise several properties— 
the Boradella, the Ca di Guido, the Borella Tama, t^t 
Polenta, and the Monte Codni^/o. These properties an 
situated on the slopes of the sub-Apennine chain of n: 
As in Sicily, the enclosing strata belong to the Miocene dill 
sion of the Tertiary strata. The sulphur depoiits t 
marls thai contain a good deal of sulphate and CArbonsie Q 
lime. The chief bed worked is from nuie to twdvc feet thicT 
and with the enclosing strata forms a shallow basin-shiH 
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deposit. The mineral contains n per cent, of pure sulphur, 
the ore occurring in ribbon-like strings and masses of varying 

The mineral is won by shafts, of which there are a good 
many. These are sunk to the marl that underlies the sulphur, 
one of ihem attaining the depth of 1,100 feet. From the bot- 
tom of the shafts levels are driven ami galleries opened out in 
the deposit, pillars being left to support the roof. Not without 
considerable opposition the principal shaft has been furnished 
with modern pit-gear, and with guides and cages, all of which 
created serious consternation when they were first introduced. 

When the sulphur mineral is brought to the surface it is 
placed in large circular kilns, like lime-kilns. Of these there 
are fifty-five conveniently placed in relation to the shafts ; each 
kiln will hold 350 tons o( mineral at one charge. When full the 
mineral is ignited, the burning sulphur furnishing the greater 
part of the heat required for treating itself. The brimstone 
falls into the basin at the bottom of the kiln, from which, at 
stated periods, it is run into blocks of brick-coloured sulphur 
called black sulphur. In the process of calcination a loss, 
estimated at 35 per cent., is sustained, owing to the escape ot 
the portion ignited as sulphurous acid. Experiments are being 
made, with only a limited success hitherto, to prevent this loss. 
The total cost of mining the ore, calcining and producing 
the black sulphur, is given at 3/. per ton, inclusive of delivery. 
The selling price is 5/. jr., showing a profit of 2/. jj. But it is 
probable that when all outside and exploratory charges are 
provided for the cost will be considerably increased. 

About one-seventh of the produce of the mines is sold as 
black sulphur ; the rest is converted into pure sulphur by 
sublimation and condensation in iron retorts. During this 
refining process a further loss of about 3 per cent, is sustained. 
The refined sulphur sells on the spot for about 6/. 2s. dii. per 
ton, the profit being estimated at i/. is^t. to 1/. 17J. dd. per ton. 
The mines are worked on the pillar and stall system. The 
difficulties to be contended with are the sweUing of the strata, 
a& in a coal mine, falls of roof, barren ground, and fires, A 
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very disastrous fire occurred in the old workings in iS/J- -^ 
few years since llie annual production of sulphur from the.-!' 
mines was about i ?,ooo tons, 

Greece. — The sulphur deposits of Greece occur about thri;f 
miles east of ihe Isthmus of Corinth, and tliey lie in a serie* "' 
tream-coloured and grey gypseous marls thai underlie a whiti 
Miocene limestone. They therefore occupy the same stiai 
graphical position and occur in similar mineralngical assw- 
ations to those of Sicily. The limestone ridges rise'to a heigi' 
of a.ooo feel on the northern shore of the Sea of j^Jgina, ir>.! 
show a disturbed condition of the strata. They are broken '■> 
rocky gorges and fissures. At a height of about 250 feet abo^ 
the sea the marls arc loaded with sulphur. On entering the- 
gorges and the caverns and fissuresby which they arc Itaverscl, 
the temperature is found to be about 100' j large bodies ul 
stifling vapours are emitted, and great heat is discernible or 
the Hoor of sulphur, the whole seeming to indicate a prcscni 
connection with volcanic heat. The caverns arc compleleh 
Imed with crystals of sulphur and other minerals. The ^ufptjur 
beds exiend for several miles, and are traceable for half a roil-- 
in width. The fissures run nearly north and south, and tlict 
seem to be connected with disturbances which have taken plaic 
al a comparatively recent period. The sulphur occurs in tmoil 
globular masses in the gypseous beds, and also in a ciysta 
lorra, especially near the fissures from which the heated ■ 
issues. These deposits have not been largely worked liithel 
and little or nothing is known about tlie exploration and d 
duciion of the suli)hur. 

Russia. — Although not of commercial importance, Ibc i 
phur springs at the Imperial baths of Scrgicfsh, on the bankl 
the river Suk, a tributary of the Lower Volga, are interestiB) 
throwing light upon the formation of the dcposiu 1 
already noticed. A considerable volume of gaseous sulp) 
water issues from Permian limestones and marls, which 1 
contain bitumen and gypsum, and forms a large pool in whi 
the different substances arc deposited wiUi some ■ 
bcpatalioii and tli.<ktinctnt)ti. 
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Iceland. — Still more ioteresting for the same reasons are tlie 
sulphur springs of Iceland. These are situated in a rather vol- 
canic disirict near Reykjalid, in the north of the island. A 
series of them occur along a bare mountain-ridge covered with 
deep loose sand of a reddish colour, near the lake Myvaln. 
The sulphur springs are of two kinds, which are, however, 
intimately connected with each other: first the actual sulphur 
springs, ' solfataras," which consist of hot gaseous exhalations 
from the earth, which deposit sulphur. These may be called 
the dry springs. The others are the mud springs or' makka- 
iuber." They are boiling springs filled with muddy water of a 
dark colour, owing to the presence of sulphate of iron. The 
(irst-named are on the slope of the mountain ; the last are at 
its foot, on the edge of a plain that stretches away to lava plains 
beyond. The first, the solfataras, occur separately and grouped 
in small numbers; they are characterised by a small flat eleva- 
tion, from the centre of which the gaseous matter is ejected 
through one or more openings, which are seldom more than 
half an inch in diameter. The gaseous matters consist of sul- 
phuric acid, hydrogen, sulphurous and aqueous vapour. Usually 
they issue quietly, and they are partially condensed in the air, 
and carried about in the form of a white vapour which seriously 
affects the respiratory organs. Occasionally the gas issues 
forth with great violence and with a loud hissing noise. On 
the surface these solfataras are covered with loose blown sand 
like the rest of the ground, but underneath this there is a crust 
of bright yellow and neariy pure sulphur, which is that taken 
for exportation. Underneath this, the other products of the 
vapours are found m pure clay, gypsum, and ferruginous clay in 
separate layers. 

The ' makkaluber,' of which there are seven or eight large 
ones, have cauldron -shaped openings, eight to twelve feet in 
diameter; these are filled with boiling black mud, which is 
thrown up on the edges of the cauldron. The chemical processes 
that take place in these ' makkaluber ' and solfataras are the 
same. From the former there is no deposit of sulphur on the 
surface, but underneath, at no great distance, there is a Irea- 
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cherous deposit of boiling black sulphurous clay. One of tl: 
near the lake Myvatn, is 300 feet in circumference, aod tl 
lake of boiling mud, with many jets scattered over its surd 

The legion of sulphur springs extends in a south-west^ 
direction from those of Reykjalid and Myvatn to RrifiDvi 
the south-west of the island. Here, as in the north, in ] 
neighbourhood of the mud springs there is usually a bed fi 
one to three feet deep of pure sulphur, resulting from the q 
composition of the gases escaping from the earth on their a 
into contact with the atmosphere. Mr. C. S, Forbes, 
Iceland, lur Vahatioa and Glaciers, in describing a su 
spring of this locality, says : ' In the valley beyond, nbc 
lifty feet beneath us, lay a huge cauldron, twelve feet in ( 
meter, in full blast, brimming and seething with boiling I 
mud that spluttered up in occasional jets five or six feel \ 
height, diffusing clouds of vapour in every direction. If a 
stant calm prevailed here, instead of evet-varying gales, I 
sulphur sublimated from these sources would be precipita 
in regular banks ; as it is, it hardly ever falls twenty-four hot 
in the same direction, the wind blowing it hilher and thilh 
capriciously distributing the sulphur shower in every quarter^ 

'Such, with little variation, save in locality, were the I 
merous soufriferes and solfataras that we visited, and 1 
extend over a space of twenty-five miles in extent. The ri 
of the district consist not so much in these numerous cnis^ 
almost pure sulphur as in the beds of what I must be p 
to term sulphur eartli, which are promiscuously scattered tl 
directions, ranging from six inches to three feet in ihic 
and containing from 50 to 60 per cent, of pure sulphur,' 

The sulphur deposits of Iceland are hardly thick or erteff 
sive enough to be commercially valuable, especially as the 
sulphur when obtained has to be carried a two days' journey 
on horseback to a trading station, where the price obtained to— 
it is seldom more than 3^. per hundied weight. Hence k 1 
that sulphur works which have been established at dlfli 
times in tlie island have usually come to an unsuccesB&il ei 

Springs coDtoining sulphur, Iiom ihuse whose wKld 
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taken medicinally to those more nearly approaching the mud 
springs in Iceland, are found in nearly all countries, and in 
strata of various ages. Some of these we have had occasion 
10 refer to in describing the salt deposits. 

PYRrTES. 
In the chapters on arsenic, cobalt, and other minerals 
referred to in this work, as well as in the chapters relating 
to copper and iron, in a former volume," I have noticed In 
detail the composition of those mixtures of sulphur with iron 
and with copper, and of those with arsenic, cobalt, and anti- 
mony, which are known by the general name of pyrites, I 
have now to notice the mineral more particularly as a source 
whence a portion of the sulphur of commerce is derived, and 
as the chief mineral now used in the manufacture of sulphuric 
acid, — iron pyrites, the general composition of which is : iron 
46-7, sulphur 53'3. It is, however, frequently mixed with small 
quantities of copper, arsenic, and minute quantities of gold. 

British Islands. — The production of iron pyrites in these 
islands in the year 1881 amounted to 43,616 tons, of the esti- 
mated value of 30,033/. Of this quantity, about 15,000 tons 
were derived from the Coal-measures, in the strati of which they 
are known as ' brasses.' The rest were from the older strata 
of Cornwall, Wales, and Ireland. The production of the 
copper mines of Cornwall and Devon amounted to 16,000 
tons, and the bulk of these were treated for sulphur and for 
arsenic, in the manner to be described, at the works in those 
counties, Wales, from the older rocks, produced 3,679 tons, 
of which one-half came from the Cae Coch mine, near Trefrhiw, 
in Carnarvonshire, a region whose strata, slates included, are 
black with decomposed iron pyrites. Ireland, from four mines 
in counties Clare and Wicklow, from Cambrian or Silurian 
strata, yielded 8,598 tons, the bulk of which came from the 
Tigrony mine in County Clare. But the imports of pyrites 
from abroad far exceed the native production of the mineral, 
and the growth of the pyrites trade, and the treatment of the 
^L ' Afetaliifetvu! iltntraU and Mining. Crosby Lockwood & Ca.^^| 
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mineral on the Tyne, the chief seat of the industry, are i 
most remarkable developments of modern times. 

In the year iSio, Messrs, Doubleday and Easterby ere 
the first sulphuric acid chamber on the Tyne at Bell < 
They obtained the plans of the chambers from the ilea 
Tennant of Glasgow, at which place, and at Amlwch, n 
Mona and Parys copper mines, the manufacture had I 
carried on, to a small extent, previously. They imported t 
first cargo of sulphur from Sicily about the same time, I 
iirrival in the Tyne is described as having excited great am 
lion. On (he Sicilian sulphur there was then an excise if 
of 1 5/. per Ion, but this amount was remitted to the firm by d 
Government. In the year 1825 the duty was reduced to 1 
per ion, the cost of the ore delivered in the Tyne being fid 
6/. to 8/. per ton. In the year 1838 the K.ing of Sicily g; 
a monopoly of all the sulphur raised in his duminiont 
Messrs. Faix & Co., of Marseilles. This proceeding ! 
chemists of this country to turn their attention to the u« of 
pyrites as a substitute for sulphur. For fifteen or 
the British Islands furnished all the pyrites that were tcquiitJ. 
but in the year 1856 attention began to be turned t 
talion of pyrites from Belgium, N orway, Westphalia, in Gcni 
and from Spain. It was also found that the pyrites from S 
were the richest in sulphur, and from that tin)e they have h 
increasingly used. The total imjHartation of pyrites — iron J 
Lopper — by this counlty in the year i88( was 541,378 toi 
the value of 1,202,281/., this quantity also being about! 
average quantity imported yearly for the preceding ten yearr 
from these pyrites there were, in 1881, obtained, besujen li.- 
sulphur and sulphurous products, 14.000 tons of cuppci 
'S'iA^i ounces of silver, and 1,490 ounces of gold. 
pyrites imported, 173.978 tons were received intu the Tfl 
204,163 tons in the Meisey, to be used at the works groufM 
about Widness and Runcorn ; the rest was distributed unOl 
the ports of London, Hull, Bristol, CardiJf, Swansea, Ardni 
Glasgow, and some minor ports. We have not the iwuticul 
<j quantities from the dilTecenl countries exporting lo ua ka M 
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""year 1881, but in the previous year, when the lolal quantity 

amounted to 658,047 tons, Spain ^ 

sent 463,199 tons, Portug 
166,5 • 9 tons, Norway 1 0,95 2 

tons, Germany 8,695 tons, and 

other countries 8,684 tons. 
The pyrites from Norway are 

obtained along the west coast, a 

the mines of Ysteroen and Vog 

naes. Farther north, a deposit 

just now being opened near Mo 

in Ranenfjord, which will seric 

as an illustration of the usua 

mode of the occurrence of grea 

masses of pyrites in that country 

Fig. 58 will illustrate this. 

The German pyrites are oh 

tained from mines to the east of 

the Rhine, between Cologne and Coblentz, and from the 

of the HartK, and whichare 
^Hfiated on the spot. 
^Hk Spain and Portugal. 
^Klt will be seen that the 
^Dulkof the pyrites now used 

in Great Britain comes from 

these countries. The prin- 
cipal district from which the 

mineral is obtained is the 

rich mineral region situated 

on each side of the boun- 
dary line between the two 

countries, shown upon the 

map (fig. 72), as that line 

comes down to the south 

of the two countries, be- 
tween Cape St. Vincent on 
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I, and the Straits of Gibraltar on the east. As described 
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in the chapter on manganese, the rocks of the district consist □( 
slaty sch is toze strata of the Lower Silurian group. These an' 
interstratified with greenstone and felspathic rocks of various 
kinds. The general direction of the strata is from nanh-ea«i 
lo south-west, with a dip of 40 to 50 degrees, and in the vicinity 
of the pyrites deposits up to 70 degrees, to the south-east. The 
pyrites occur in the line of bedding, and usually resting upon, 
as its lower stratum, a greenstone or felspathic rock. Fig. 59 
will illustrate their usual mode of occurrence. 

The pyrites deposits are not continuous, either vertically or 
horizontally. They occur in lenticular-shaped masses, extend- 
ing in length to 450 yards, in depth 90 yards, and in breadth 
115 yards, this being the present size of the great open cast 
worked on the south lode of the Rio Tinto mines. The pro- 
portion of sulphur in the mineral is about 4S per cent. Copper 
is present up to 3 per cent , and there is also a small quantity 
of gold and silver. The district was worked by the Phoeni- 
cians and Romans. The red colour of the river Rio Tinto 
indicating the presence of mineral, subsuijuenlly and at inter- 
vals the mines were worked by the Government of the country. 
Ten years ago, when an English company took over the Ri" 
Tinto mines from the Government, the production was so.coo 
tons a year, and the mines were worked at a loss. There arL 
tliree great companies now at work in the immediate neigh- 
bourhood — the Tharsis, Mason & Barry, and the Rio Tinto— 
with one or two others of scarcely less importance, A glance 
at the operations of the last-named company will show the 
magnitude and immense resources of the mines. There arc 
ihree chief lodes or deposits on the properly — the soutli. 
San Dionisio, and the north. It is on the first of these 
that the workings have been most extensive. The great open 
cast excavation mentioned above is on this deposit, and from 
500,000 lo 600.000 tons of ore are annually taken from this 
excavation. There are underground workings on the same 
lode below the open cast, and from these 320.000 tons of ore 
were taken in 1S81. These workings are reached by a tunnel 
driven on the lode sojue 500 yards in length, and this is now 
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being connected with the San Dionisio lode, which it will o[j« 
up. On reaching the principal shaft, which has been sunk on 
this lode, the tunnel will be two miles and a-half in length, of 
which a mile and a-half will be in solid mineral. Three shafn 
— the Albert, Edward, and Alice — have been sunk upon this 
lode. The operations upon the north lode are mote recent, 
but about 700 yards of tunnel have been driven upon it, nearly 
300 of which are in mineral. In uncovering the great open 
cast upon the south lode, nearly three and a-half million tons o£ 
earth and other over-burden were removed before the ore- 
deposit could be worked. The ore raised and disposed of ii 
1881 was 1,000,000 tons, of which 230,000 ions were shipped' 
to England and other countries, 50,000 tons were left in store 
at Huelva, and the remainder was treated at the mines for the 
production of copper, of which io,ooo tons were produced a 
sent to England. There are about six miles of ]>recipiiatlng 
tanks, and 15,000 to jo,ooo tons of pig-iron are annually use^ 
in effectmg the precipitation of the copper. Tea thousanii 
five hundred people are employed by the company at the mines 
on the railway, and at the port of Huelva. There are forq 
miles of railway about the mines, which are also connected 
with the port of Huelva by a railway eighty-three kilometre 
long, which winds down the valley of the Rio Tinlo. 
other two companies are in very successful work, and theil 
production and export of ore, although not so great as that 
the Rio Tinto, is still very large. Fig, 60, from a photograpti 
by Mr. Thwaite, of Commercial Road, London, S.E., 
kindly given me for use in this book, will afford an idea of tbc 
extent, importance and varied nature of the works at the Ri< 
Tinto Mines. 

In the year 1882 theTharsis mines shipped 212,218 tons o 
pyrites, 5,534 tons of precipitale, and 184,059 tons of iron ore.' 
The year's operations yielded a profit of 335,676/., of which 
314,479/. was distributed in dividends, equal to 27tpcrcenl. 
on the paid-up capital. 



PART IV. 

METALLIC MINERALS, 

ARSENIC, COBALT, MOLYBDENUM, ANTIMONY, 

AND MANGANESE. 



(OF WHICH THE METAL IS RAPIDLY OXIDISABLE, AND 
HAS HITHERTO BEEN EXTRACTED WITH DIFFICULTY.) 



CHAPTER XV. 

ARSENIC. 

, Naiwe — Orpimenl, Realgar, Mispickel— Pioduction of Arsenic 

' in the Briliab Islands — -Made of Treating llie Ores in Cornwall and 

ind in Bohemia — Mispickel of Norway and Sweden, of 

France, of Germany, of Ausliia, Transylvania, and Hungary, of 

I Russia, Spain, Tuikey. Chiim, and of North and South America. 

iSENic occurs native, in combinaiion with oxygen, as white 

Eenic or arsenous acid, united with sulphur in its two sul- 

, Orpimtnl, or yellow sulphuret, and Realgar^ or red 

uphuret. Also, in combination with sulphur and iron, as 

or arsenical pyrites. It is also largely combined, 

\ we have seen, with other minerals — lead, manganese, nickel, 

, and cobalt, as well as with hme, as arsenate of time. 

c bums with a bluish flame, and in all the forms in which 

\ is found it may be unmistakably known by the white fumes 

d the pungent garlic smell it gives off when heated. 

Native Arsenic is found in massive, granular columns, 

I rhombohedral crystals. In colour it is tin white, light 
it grey, and tarnishing to greyish black. Its specific gravity 

II S'65 to 5'7Si but when artificially prepared the gravity 
t described as greater. It is of a very brittle and friable nature, 

and is easily pulverised. When freshly fractured it has a 
brilliant appearance, but it soon oxidises on exposure to the 
air. The Iracture is granulated, and sometimes a Utile foliated 
and splintery. It rises in vapour at 356°, without undergoing 
fusion, and bums with a pate bluish flame when heated just 
below redness. It occurs in connection with silver and lead 
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W'hite Arsenic (Arseiious Aciil). — This is the si 



stance a 



i; same s 
a well-known 

poison. Chemical composition: arsenic 75'8, oxygen t^'t. 
Specific gravity 37. It is white in colour, astringent, and 
sweetish in taste, and soluble in water. 

SuLPHURCT OF Arsenic occurs in two forms: — 

1. Orpimenl, or Ydlow SiilpAurel 0/ Arsenic— Thxs ozzuk 
massive, also disseminated and crystallised in oblique four- 
sided prisms. The crystals are small, with a smooth surface, 
and are irregularly clustered together. Colour, fine golden 
ytllow, with brilliant pearly or metallic lustre on the face of the 
cleavage. Specific gravity 2,'i to yS- Chemical composition : 
arsenic 6fo, sulphur 39*0, but different tests have shown 
a range of from 57-0 arsenic, and sulphur 43"o, to arsenic 84'0 
and sulphur 16. 

2. Realgar, or Red Sulphurd of Arseriic.^Mf,a occurs in 
oblique four-sided prisms, and, but more rarely, in a massive 
form. The colour ranges light aurora red, scarlet red, and 
orange yellow, with a resinous, translucent, or transparent lustre. 
Specific gravity 3'35 to 3'65. Chemical composition : arsenic 
70, sulphur 30, but these proportions are varied by small 
quantities of iron and silica. Both of these sulphurets bum 
with a blue flame on charcoal, and evaporate entirely before 
the blow-pipe with a strong garlic odour. The foregoing ores 
are soft, being easily scratched with the finger nail. 

MispiCKEL (Arsenical Iron Pyrilfs). — Occurs massive and in 
long rhombic prisms, silver-white colour, with a grey or yel- 
lowish tarnish, and a black streak. Chemical comi>osition . 
arsenic 46'0, sulphur i9'6, and iron 34'4. These propor- 
tions are varied by small quantities of silver and gold, and wiih 
cobaltupto 9 per cent, Thismineral forms the source whenc- 
a large quantity of the arsenic of commerce is derived. 

Arsenic is largely used in the arts and manufactures. Be- 
sides its use as a poison, white arsenic is used as a flux in ihi^ 
making of glass, and also 10 give a porcelain -like appearance 
to the same article. The sulphurets are extensively used fc 
colouring purposes, and attention has often been drawn to ibf 
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danger, real or supposed, arising from their use in the colouring 
of wait-paper. The colour known as King's yellow is made 
bom orfiimfiit, and an ammoni.ical solution of the same is used 
for dyeing. Jitalgar is used in the manufacture of fireworks, 
more especially for the production of the flame known as while 
Indian fire. A combination of white arsenic with oxide of 
copper produces the fine green colour known as Scheele's 
green. It is also used in the proportion of i per cent, with 
lead in the manufacture of shot. Its presence causes the mollcn 
lead to separate more easily into drops as it is poured down 
through a sieve from the lop of a lead-tower. The chief 
repositories of the ores of arsenic are the following : — 

British Islands. — The production of refined arsenic in 
the counties of Cornwall and Devon has been on an extensive 
scale lor nearly a century. In the year 18S0 the production 
was 5,738 tons, of the value of 43.498''-i and in 18S1 ihe 
yield was 6,1561005, of the value of 45,070/., being un aver- 
age value of about 7/. 5^. bJ. per ion. The finer kinds realise 
10/. los, per ton. This last quantity was produced by four- 
teen mines, worked otherwise chiefly for copper. Of these 
twelve were in Cornwall ant! two in Devon. In Cornwall, the 
largesl quantity was produced at the Greenhill works, 1,638 
tons, and in Devonshire, the Devon Great Consols Copper 
mine produced 2,851 tons. The general composition of the 
ore whence this arsenic is derived is, arsenic 42-88, iron 
3O-04, and sulphur ai'oS; but these quantities are varied by 
proportions of copper, and sometimes tin. In obtaining the 
arsenic from the ore, the latter is first calcined in revolving cal- 
ciners, usually of a large size, 30 feet long and 5 feet diameter. 
These consist of iron tubes iJned with firebrick. They are 
inclined about 7 in. to i ft. 6 in. from the horizontal, and 
are kept revolving — where practicable, with water-power. The 
ore is put in at the upper end, and gradually passes downwards, 
parting with its arsenic by the way. These calciners are said 
to require but little fuel, the heat being largely kept up by the 
combustion of the arsenic itself. The crude arsenic is collected 
in long flues. Sometimes it is sold as so collected, containing 
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80 to 90 per cent, of areenic. More frequently it is resublin 
four times in reverberator/ furnaces and collected as absoli^ 
pure arscnous and, white as snow, in flues and chambers- 
then ground in a mill to a fine powder, which finds its ■ 
down flexible pipes to a hole in the barrels waiting to receiw 
These barrels are subjected while filling to a shaking □ 
which causes the arsenic to settle down compactly, and I 
flexible pipes are so closely fitted to the holes in the b 
ihat no dust escapes, and in some works there is no S^ 
whatever of arsenical fumes. Each barrel contain; 
3i cwt. Much ihe same process is practised at Joachimsti 
in Bohemia, The ores are roasted, the arsenic caught ii 
flues and chimneys, and sublimated a second time, usually^ 
a little potash. Probably there is less attention tc 
points of delail here, for it Js said that the process is v 
structive to human life, few of the persons employed iai 
manufacture living beyond the age of thirty to thirty-five y 

Norway and Sweden. — In Norway arsenical pyi 
mixed with cobalt up to 35 per cent., occurs at Skutemd, 
extensive bed of mispickel also occurs near Kongsberg, \ 
contains a little gold. The mineral also occurs as i 
silver in the great silver mine at Kongsberg. In Sweden 1 
have seen vast beds of mispickel from 3 to 6 feet thick, extend- 
ing over the surface of the ground in the region between the 
towns of Ludvika and Fahiun. Similar deposits occur in il': 
country between the towns of Norkoping and Nykoping, n. 
the coast of the Baltic, and we shall see how largely i.'it 
mineral is associated with the cobaltiferous ores of Gladham- 
mar, farther south on the same coast. 

In France native arsenic has been worked at the mine of ' 
St. Marie, probably now belonging to Germany. It occumJ 
uniformly over a considerable distance between the hangi"- 
side of the vein consisting of slaly rock and the calcareo:- 
matrix of the lode itself. 

In Germany the sulphuret and oxide ate found t 
extent in the lead mines of the Hartz district, but all llw 
ores are more abundant in the mines of silver and tin woAtJJ 
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on the Saxon side of the Erzgebirge, near Freyberg. Native 
arsenic exists in roarded masses composed of concentric layers, 
and containing up to 4 per cent, of silver. The sulphureta also 
occur in the vein stuff of the different lodes, and associated 
with the other ores worked. The same is true of arsenical 
pyrites. 

On the Austrian side of the mountains, at Joachimslhal, 
the oxide of arsenic occasionally appears in the form of quad- 
rangular prisms, and, more rarely, as a thin white efflorescence. 
As I have already intimated, the manufacture of arsenic from 
arsenical pyrites is carried on here. 

In Transylvania realgar has been found as a vein a foot 
thick, traversing a dolomitic limestone. Near Nagyag it 
occurs in irregular masses, accompanying gold and silver ores. 
Near Felsobanya realgar occurs in the form of rectangular 
prisms. 

In all these mining districts orpimenl also occurs, some- 
times in the form of small foliaceous masses. At Tayoba, in 
Hungary, it is found in small detached masses, as confusedly 
grouped together eight-sided crystals, and imbedded in a 
bluish clay. 

In Russia native arsenic occurs in the Siberian mines in 
large masses. 

In Spain oxide of arsenic is found associated with cobalt 
in the valley of Gislaio, in the Pyrenees. 

In Italv realgar occurs as a volcanic production. It is 
found near Naples in the form of eight-sided crystals in tht 
fissures of volcanic rock. It occurs also in the lava ejecleii 
from Vesuvius in the year 1794, and is found under similar 
conditions near Guadaloupe, in the West Indies, where it is 
known as red sulphur. 

Both realgar and orpiment are found in Kurdistan, in 
Turkey in Asia, the latter being also obtained from China. 

In the United States of America native arsenic occurs 
at Haver Hill, N.H.,in mica slate, andalso at Jackson in tht- 

The sulphurets are found in South America. 



CHAPTER XVI. 

COBALT. 

Cobalt, Origin of Name — De;cripttoo of its various Ores — Commeririal 
Varietie*— Cobalt io the Britiah Islands— ConiwaJl— North Wales— Tht 
Foel Hiraeddog Mine— Norway, Skuterud Mine — Indicaliotu abooi 
Koogsberg and DiunniBii — Swedea- Mining DUlrict, fiom Nykopmg 
to Wealervik— The Cobalt Mines of Tunaberg, of GUdharamar— Pro- 
cesses employed at the latter Mine for the Extraction of Cobalt froin 
the Ores — Mines of Hvena — Germany, Riegelsdorf, Annaberg and 
Schneeberg — Austria, Joachimsthal — Past Production of Cobalt tn 
Bohemia — Spain — Mine in the Pyrenees — Fratice — Ameiica — Impvti 
into England — Suggestions. 

The name of this mineral is derived from Kobbold, which wh 
the name given in Germany and throughout Scandinavia lo tbe 
evil spirits of the underground regions in general, and the erfl 
genius of miners In particular. It got this evil repute both 
from its deceptive appearance, once looking so much better ilijri 
before its uses were discovered it was proved to be, and nio' 
than this, spoiling the copper ores with which it was associalcL 
The ores of this mineral were of little or no use until the mitWit 
of the sixteenth century, when they were liisl employed to im- 
part a blue colour to glass, and subsequently for the colouring 
of porcelain and earthenware. For this purpose they are slill 
very valuable. It is said that one grain of cobalt gives a !■■ 
blue colour to Iwo hundred and forty grains of glass. I 
these purposes the mineral is best adapted in a finely powdercil 
state, the oxides of the metal being most suitable for use. 
In its metallic state, in which it is not found \n naiui 
of a pale steel grey or tin colour, with a bright lustre, 
more compact ores also have a metallic appearance. 
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a specific gravity ranging from 6'a to 72. The looser 
ores are of a reddish colour, and have a specific gravity of 
about 3. 

Uutil recently it has not been used in its metallic state, but 
probably it will become of great importance in this form, in con- 
sequence of the discovery within the last year or two by Dr. 
Fleitmann, of Iserlohn, Germany, of its value in the art of 
plating other metals, and for which in its metallic form it is now 
used, but in a limited extent, on account of its high price. In 
appearance cobalt plating is superior to thai of nickel. The 
ores of cobalt are as follows : — 

Smaltine {77n While Cobait). — Chemical composition : 
cobalt 18 to 15 per cent., arsenic 69 to 79 percent. In colour 
tin white or steel grey. Its varieties are Coballine, containing 
33 to 37 of cobalt, with varying proportions of sulphur and 
arsenic. This variety has a silver white colour with a reddish 
tinge. 

Radiated Whitb Cobalt, or CMoanthite, containing 9 to 
14 percent, of cobalt, and cobalt pyrites, or sulphuret of cobalt, 
or Linnseite. 

EARTHY Cobalt {Black Oxide of Cobalt, Asbolane). — 
Chemical composition ; usually oxide of cobalt 24, oxide of man- 
ganese 76, of a bluish black to black colour, in form both 
earthy and massive. 

Cobalt Bloom {Erythrine, Arsmiate of Coball). — Chemical 
composition; jy^fi of oxideof cobalt, with 38'4 of arsenic acid, 
and water z4'o. Of a peach and crimson red colour, varying 
to greenish grey ; possesses a foliated structure like mica. U is 
also called peach-blossom ore, and red coball ore. This is 
usually found in thin layers, or in small cavities and in aggre- 
gated crystals. Its varieties are RoieliU, of a rose red colour ; 
Anmite of Cobalt, a compound of oxide of cobalt and arsenous 
acid, resulting usually from the decomposition of other cobait 
ores ; Sulphate of Cobalt, or cobalt vitriol, consisting of oxide of 
cobalt, sulphuric acid, and water. 

It win be seen that in nature this mineral is largely asso- 
ciated with arsenic, but its 01 es are di&tioguisheLl Iroiu arsenical 
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pyrites by the blue colour they give with borax tiDdertheb! 
pipe. 

The commercial varieties of cobalt are Vnown as 2 
Smalt, and Azure. Zaffre is prepared by calcining the ores I 
a reverberatory furnace, by which the sulphur and arsenic a 
driven off, and the oxide of cobalt remaining is mixed with ti 
its weight of powdered silica. Smalt and azure, which ha« 
rich bluecolour, are made by fusing zaftre with potash and glu 
Perhaps the best form in which the mineral is now sent intn tl 
market is tliat produced by the chemical process no 
the Gladhammar mines in Sweden, as described farther on.a 
will now describe the principal deposits of cobalt ore ina 
world, including some that were formerly worked, for the ^ 
of comparison as to their mineralogical conditions. 

The British Islands. So'tlnnd.—X considerable quad 
of cobalt bloom was, towards the close of the last c 
obtained from the copper iode worked for both copper! 
silver at Aloa, near Stirling, and traces of the mineral 1 
been observed in the debris of the lead and copper mina 
Newton Stuart, in Galloway. 

Cornwail.' — In the year 1754 the Society for the Em 
agement of Arts and Useful Discoveries awarded a prci 
of 30/. for the best cobalt found in England to Mr. Beaucli^ 
who mined some in Gweonap. The lode in which this | 
found also contained bismuth, which was thrown away t 
Dr. Albert Schlosser, who visited the mine in 1775, aepai' 
ihe cobalt from tlie bismuth and preserved both. The * 
was discovered in a branch of a lode, while driving an adit d 
Pengreep Estate, but it did not hold in depth. Cobalt h 
that time been found at Wheal Trugo, near St, Columb Ml^ 
in a vein 4 to 6 inches thick, where it crossed a copper Wr 
but the cobalt only continued a little way from the poini 1 
intersection. This ore was considered worth 60/. a tun. Dis- 
coveries of small quantities were also made at Dudman's 
in Illogan, at a mine near Pon.^nooth, and in Dolcoalh, which fl 
a later period has produced good ore. Subsequently the a 

> See Dc la BJcbe, Gtti[uai Sffotl en Cetmtall and . 
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has also been found near Botallack, at Polgooth, and St. Austell, 
as well as in a cross-courie and adjoining a copper lode near 
Redruth. Unfortunately the mineral has not been discovered 
in sufficient quantities to yield much prolit. 

North Wales, — The only cobalt mine at present worked 
in Great Britain, is the Foel Hiraeddog mine, near Rhyl, Flint- 
shire.' The ore is found in one of the numerous cavities 
that occur in the lower massive limestones of the Carboniferous 
series, and which are locally known as "swallows." These 
" swallows " or " pockets " contain in this neighbourhood 
deposits of iron ore (hEematite), and it was in working this 
pocket for that mineral that Mr. Gage, the proprietor, discovered 
the presence of both cobalt and manganese in the ore. He had 
noticed some black strings in the iimestone, andon testing them 
with the blow-pipe, he found that the black colour was due to 
oxide of manganese in some cases and to oxide of cobalt in 
Others. This led to a further examination of the ore of the 
pocket, which led to the discovery of the presence of cobalt ore 
of the nature shown in the following analysis ; — 
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The nature of the deposit will be explained by a reference 
j^ fig. 6t. I is the irregular cavity or crack widened out in the 
laestDne, stretching downwards 10 a depth of 740 feet or more, 

I varying in width from a string to 8 or to feel. It has 
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lioTizonlalli a north north east and south-souih-wesl directii 
and an extent of about 30 )'ir(ls For the most part it is per- 
pendicular in depth but vanes occasionally to the east and to 
the nest a, a, is red claj, which contains lumps of hEcmatite 
ore, and lumps and grams of nad, earthy manganese, and 
asbolane, or earthy cobalt ore The lumps are sometimes as 
large as a walnut or hen's 
egg, and when broken show 
a reniform or botryoidal 
structure ; they are of a 
black colour, and are soft 
enough to mark paper, and 
give a shining streak upon 
/ porcelain, 3, 3, are loose 

jt ^ \ fragments of limestone im- 

'^ ^■ " I bedded in the clay, and 

f^ '"'" V 4 4 are the hraestone beds 

^ themselves. The whole of 

, the clay is not cobaitiferous, 

i~ the whole of the width of 

I o feet being sometimes 
without any cobalt. The 
presence of cobalt in the 
clay is detected by taking a 
piece of the latter and 
drawing a portion of it over 
a piece of porcelain with 

Fin 61 — Sbciioi of Cavity m CxKBOm the flat Side of the blade 
VEKO 3 Limestone FuprtsHiks cot<iaih ^ i -^ i_ -r 

wo CuHALrirERous Ikon Oki of 3 knife, when, if 3 senei 

of black shining streaks 
are formed, it is concluded that cobalt is present. Even 
this is not a certain test, as the earthy ore of manganese 
will produce similar streaks, so that chemical tests have 
frequently to be resorted to. The deposit has been followed 
down by a series of small shafts, and the only preparation of 
the ore at the surface is the picking out of it ibe lumps of tron 
ind fragmenls of limestone. 
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s sUle its percentage of cobalt is very small, only 
raoging from I'o to i-oS per cent., and the nickel from 04 to 
I 1 per cent. The production and value of the ores have been 
as fallon-s in the years given : — 

k 

^H isso 

^P 18S1 

^^L This gives the average value of the ore at 6/. 5/. per ton. 

^Ktk will be seen that the value was greatest in the first year. 

^■With regard to the origin of the ore, iron is largely present in 
the reddish beds of the limestone, and still more so in beds of 
ted shale and clay that form a marked feature in the limestone 
ridges all along their course. There are also some extensive 
deposits of iron pyrites, one very marked one occurring at the 
end of the Tarlagoch lead mines, at the end nearest Foel 
Hiraeddog. In the chapter on manganese I notice how largely 
manganese is disseminated throughout these limestone beds. 
We have not, therefore, far to look for the origin of the ores of 
the pocket. The hematite and the manganese are probably 
derived from the limestone beds and red shales. The cobalt 
may either have been originally associated with the manganese, 
or it may have been derived, which seems more probable, from 
the pyrites deposits, especially as a lump of the latter, that has 
been found at a depth of 30 ft. in the mine, has shown upon 
analysis traces of cobalt and copper. 

The discovery o( cobalt and nickel in this pocket leads to 
the inference that similar pockets, of which there are many, 
may be mineraSogically similar, and hence deserve a careful 
examination. 

Norway. — Crossing the North Sea we find that cobalt has 
been, more or less, worked for the last hundred and ten years 
in Norway. A discovery of the mineral was made on the estate 
of Skuterud, in the parish of Modum, about fourteen English 
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miles from Drammen, in the year i77i- The ore occurred^ 
beds (fahlbands), inCerstratitied in gneissic strata like oth 
mineral deposits of this age. The chief ore was cobaltiql 
which often occuired in a crystalline form. There \ 
arsenical pyrites containing at times as much as lo per cent of 
cobalt. There were in the same beds various ores of copper 
ami other minerals. These all occur in gneissic rock. On the 
discovery of the ore the estate was purchased by the king, t 
works were established upon it in the year 1 783, under Gem 
management. From 1827 to 1840 the mines were carried <l 
by a private firm with considerable success, untii the introdnt 
lion of artificia! ultramarine for a time paralysed Ihe Indus 
An English firm purchased the works in 1849, when the si 
of cobalt sold for 81. bd. per lb. At the present lime I 
mines and works belong to a Saxon company, and in the y 
i88z the production of calcined cobalt ore amounted \ 
160,000 lbs. 

Similar beds, with copper pyrites, iron pyrites, arseniGi 
pyrites with cobalt ores, occur in the gneissic rocks arouH 
Kongsberg, of which perhaps the most important are tho| 
until recently worked, and the ores smelted near HougsuE 
between the towns of Kongsberg and Drammen. 

Sweden, — Passing eastward into Sweden, we find depoi 
of cobalt ores associated with the copper ores, which in beds w 
lodes abundantly occur in the highly raineraUsed district t 
extends for some miles inland on the shores of the Baltic, 6 
Nykdping on the north to below the town of Westervlk oa ij 
south. 

In the north of this district there are what for n 
were the important mines of Tunaberg. These mines 1 
situated about twelve English miles south of Nykdping, i 
about two miles from the sea on the bay of Vik, al the head{ 
wliich is ihe town of Norkoping. The rocks are, as t 
gneiss, through which a vein or lode runs in an east and w 
direction. The lode is largely filled with limestone ; 
it may be a limestone bed in the gneiss, in which copper pyiM 
is but sparsely sprinkled, as is also arsenical cobalt pyrites d 
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* 'Cobalt bloom, but not abundantly. Galena is also present in 
small quantities. In the gangjie of the vein or bed there is 
also a beautiful variety of green-coloured felspar, varying from 
light to (lark shades of that colour, and aggregated in clusters 
of crystals. Serpentine also occurs, but rarely. 

An analysis of the cobalt ore obtained gave the following 
lesull : — 

I Cobalt 3666 
Anenic 49*00 
Iron S'6(i 
Sulphur bso 
LoM 1-18 
The lode contracts and widens, and the quantity of ore it 
tains is very variable. Owing to this fact, the mine has 
led through many stages. In the latter half of the last 
tury it was vigorously worked with water-wheel pumps and 
er requisite machinery. During the present century it has 
a intermittently worked with varying success. In sorting 
the ores the lumps and crystals of cobalt are picked out, care- 
fully ground to powder, and packed in bags for the market, 
chiefly England ; and it will be remembered that this mine 
differs from the next to be described by the separate occurrence 
of the cobalt from the copper ores. It is possible, however, 
that with increased knowledge it will be found that cobalt is 
more or less present in the copper pyrites themselves. 

At the southern end of the district referred to, and about 
Icn EcgUsh miles south of the town of Westervik, are the 
Gladhammar copper and cobalt mines, from which at the 
present time large quantities of cobalt are derived. 

These mines, a fine model of whose workings is to be seen 
in the museum at Stockholm, were opened as far back as the 
fifteenth century. They were worked first for iron, and at a 
later period on several occasions for copper, but they were 
always abandoned on account of the cobalt and nickel mixed 
up with the ores, the uses of these metals being then un- 
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known ; they were the Kobbolds, the evil spirits of the 
Interesting relics of these early workings are seen in the tl 
nels and chambers which were driven and opened by 
of fire, before powder came mio use for mining purposes. 
had a very pleasant visit to these mines in the summer of 
iS8o, and perhaps I cannot do better than transcribe the 
description of the mines given to me on that occasion by the 
chief engineer and chemist, Herr Alfred Hasselbom, of Gote- 
borg, through whose energy and chemical skill the mines 
been brought into successful working for cobalt. 

' The mines are some distance from the Farhult Station, Ott^ 
the Westervik and Hultsfred Railway, The metalliferous bedSi 
and deposits have a ver)' great extent, stretching from the Ryn« 
mine in the north-west to the neighbourhood of Lund, in 
south-east, the whole length along wiiich the principal ores 
found being about 8,000 feet. 

' The rock constituting this field is a quarlzy euril, 
to say, a rock containing quartz as its essential part, and 
kind of rock is much renowned in Scandinavia as cat 
deposits of pyrites, copper, nickel, and iron. The 
deposits have a strike or direction from the north-wes 
south-east, and have an inclination of 10 degrees from the 
pendicular to the south-wesl, the rock itself having the 
direction and inclinatioa 

' The rock constituting the matrix in which the diffei 
ores are embedded is chiefly chlorite, commonly intermixed 
hornblende and with magnetic iron ores. Mica also 
occurs as matrix, which is especially the case in the Odd 
mine. In some cases the minerals have the quartz rock 
for their matrix. 

' The deposits of ores occur as beds and laj'ers of v 
extent and width, and generally the different beds ar 
nected with each other through smaller cross veins, so 
form a complete network of ores stretching throughout 
entire field ; but some of these connecting veins are too 
be of any commercial value. The presence of magnetic p; 
in all these veins accompanying the ores of cobalt and nil 
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well displayed by Ihe inclinations and v; 

The principal minerals occurring ir 

:s are the following, viz. ; — 

Coballine in a pure state, with 30 per c( 
'ihrine, and arseniate of cobalt. The other ores found are 
pyrites, occurring in all the beds, and rarely metallic 
copper, iron pyrites- — always carrying cobalt ; magnetic iron 
pyrites, line blende — very scarce ; galena is found chiefly in the 
Hollandare mine; haematic iron ore, which with magnetic 
iron ore is so constantly mixed with cobalt that it may be con- 
sidered the chief matrix of the cobalt ores. In the north-west 
part of the field in the Ryss mine antimoniuro ore is found 
accompanying the copper pyrites. In the southern part of the 
property molybdenum glanz is found on the debris heaps left 
by the ancient workers. 

The principal mines worked, together with their peculiar 
leral features, are as follows ; — 

Bonde Mine, which is about 70 ft. deep. Cobalt and niclcel 
pyrites are found here, having a thickness of yi feet, and they 
are intermixed with some zinc ores and galena. The continua- 
rion of this mine to ihe north-west is the 

' Holtandare or Bag^m Mine, about 120 feet deep, yielding 
cobaltine, cobalt pyrites, with copper and iron pyrites. All of 
these ores are very rich and abundant. There is also galena 
and iron ore as the usual matrix for cobalt. 
I ' The Svmsk Mine. — This mine has been actively worked for 
Along time, and it has yielded a steady supply of cobalt and 
Mckel, with copper pyrites and iron pyrites containing nearly 
T per cent, of cobalt. This is an extensive deposit that con- 
tinues undiminished. It also seems to get richer in depth. It 
is to this mine that an adit level some 600 feet long was driven 
in ancient times by means of fire, probably to work the copper 
deposits. Running parallel to this deposit, about 30 feet to the 
east, is a valuable deposit of rich cobalt and copper. This is 
worked as the 

Odelmark Mine. — Tin white cobalt with cobalt pyrites, 
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giving an average of 15 per cent, of cobalt, are obtained from] 
this bed, and the yield is very large. This mine is worked to 
depth of 100 yards. North-west of the Svensk mine, and on the 
run of the same bed, is the 

' Knut Mine, which has been continuously worked for some 
time. It produces ihe same ores as those of the Svensk. 

^ Ryss Mines. — These are about 1,500 feet north-west of the 
Knut Mine. They are old mines, and they have recendy been 
re-opened. They yield copper pyrites and iron pyrites with 
cobalt, besides antimoniura ore, BoulangeriU.' 

Some of the ores from the various mines are beautiful 
examples both of single and combined ores. 

Since the mines have been worked for cobalt, large quatb 
titles of botji cobaJt and copper have been obtained by screen- 
ing the old waste heaps, and it is computed that there sliU 
remains in these heaps about 50,000 pounds of metallic cobalt 
to be extracted by the process lately adopted. 

Until within the last few years the ores were simply picked 
or screened, and sold in this state, and the mines were success- 
fully worked on this plan. Three years ago, however, machinery 
and appliances were erected, under the direction of Mr. Has- 
selbon, for treating the mixed ores chemically, and which is no« 
in successful working. The process is generally as follows :— 

The ore when brought out of the mine is picked, and is 
broken to about the size of apples by a Blake's stone crusher. 
It is then calcined by mixing it with slack, and slowly burning 
it at a low heat until the sulphur and arsenic are driven off, Ot 
pardy so. Then it is ground very fine in a mortar-mill, after 
which it is placed in a row of furnaces with an addition of 
alkaline matter. It is placed, first, in the furnace furthest from 
the fire, and is gradually moved forward to the hottest phco. 
After it is taken out of the furnaces and cooled it is lifted ; 
the top ofabuildingin which iheie are three tiers of round taut 
about 9 feet in diameter and 8 feet deep. There are t-... 
of these tanks in each story of the building, and the fine-bur:.: 
ore is first placed in those of the uppermost tier, in which, .1- 
1 all these, is water kept hot by steam being driven into it. 
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iwrfThe iron is precipitated in the uppermost series of tanks, the 
10 illiquid, with the contained copper and cobalt, being run off into 
iSef ibe middle series, in which, by means of the adilition of scrap- 
iron, the copper is precipitated. The liquid with the contained 
»j cobalt is run into the lowest series of tanks, and from there it 
I is pumped into square compressors with flexible sides, and 
ief with line gauze partitions; a pressure of 100 pounds to the 

I square inch is put on, during which the cobalt is caught and 
pressed into flat cakes between the gauze divisions, through 
which the water flows off clear. The cobalt now appears as a 
fine compact yellow substance, the cakes of which are taken 
from the press separately. The cobalt is next burnt and 
becomes black oxide, when it is fit for the most important pur- 
poses of manufacture. The copper is taken out of its tanks or 
vats, and, separated from fragments of iron, becomes a precipi- 
Liie with from So to 90 per cent, of metallic copper. The 
iron is calcined and forms Indian Red. The refuse is carried 
through a series of twelve wooden tanks 8 feet long, 4 feet 
wide, and 4 feet deep, the result being ochres of various 
degrees of purity. These are ground upon the spot, and arc 
ready for the painter. About 130 persons were employed at 
the mines at the time of my visit. The ochres and paints have 
a latge sale in Sweden, Denmark, and Norway. The cobalt 
goes for the most part to Saxony- 
There are also cobalt mines at Vena, or Hvena, near Orebro, 
in Nerika. These were started in i8og, and for some time 
their exact position was not known. In i83o the production 
of cobalt ore from these mines was 70,000 lbs. 

Germanv.- — An interesting series of deposits of cobalt occur, 
and have been worked more or less for more than a century, at 
Riegelsdorf, in Hessia, Germany. A series of veins or faults cut 
through (he limestone and other beds that overlie the copper slate 
bed, which is famed not only for its copper,but also for the impres- 
sions of fish which abound in it, and around which the copper 
ore is richest. As these cracks come down upon the copper 
slate bed, they are charged with cobalt, which dies out upwards. 
On the Saxon side of the Krzgebirge, near Annaberg and 
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Schneeberg, cobalt ores are obt^ced from tabes trorfced fal, 
other mmerals. 

AusnuA. — Col^t has beeo obtaiaed in ooondenble q 
litks from the mines of Joachimsthal, on the Bohenii 
the range of mountains just named. Here it is met with Ci 
bined with the silver ores, and also in separate masses. 
Sweden, the ores of cobalt were here thrown away as o 
but since their value has been discovered the debris heaps h 
been carefully picked over. About a hundred yeais ago t 
yearly production of cobalt in Bohemia was given at i ,ooo,oc 
lbs.; at the present time it is not likely to be so much. 

In Spain, a cobalt mine has been worked in the valle]| 
Gistain, in the Pyrenees. A gneissic rock is interstratiAed ■ 
beds of silicious and micaceous schists. Over this there i3 
of red feispar, on which rests a bed of dark bituminous si 
of a friable nature, and varying in thickness from 30 l< 
This bed is traversed by veins of cobalt which run from c 
west, and range in thickness from half an inch lo five feet; d 
the surface the ore is earthy cobalt, and in depth, ai 
cobalt. The sides of the veins are also penetrated with cobi 
The veins do not pass out oi the schist into either (lie ted G 
spar or the iimestone, 

France. — On the French side of the Pyrenees cobalt 11 
discovered in aveinofquartzthatiraversedaraassof (cmigim 
shale. The mine yielded large quantities, and the manufac 
of the ores was conducted in works erected upon the sp 

The mineral has also been worked in the Vosges, w 
occurs in veins, having for its matrix crystallised carbonatttdl 
lime. It has also been found associated with silver ores in d 
mines of AUemoni, in Dauphin^. 

America.— The mineral occurs plentifully in the J 
Missouri, wheic It has been mistaken toi black oxide of copp< 
It is largely obtained from the mine La Motte, associated m' 
manganese. The ores ate exported (o England and i 
there. The ores of the mincnil arc also obtained from Caro 
inalysis of samples of these showed oxide of c 
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The mineral is also found in smaller quantities in various 
other places. 

TJnfortuaalely no return has been obtained for some years 
past of the imporls of cobalt and several other minerals into 
England, but I am indebted lo the kindness of Mr. Robert 
Hunt for the following information. 

In the years given below the imports were as stated : — 



In the year 1879, among the ores unenumerated, wcr 




"S 

e returns include cobalt and nickel; in all probability 
1(400 tons of cobalt. 
r The selling price of black oxide of cobalt in this country is 
from loj. 6rf. to t2S. dd. per lb.; so that, with the increasing 
uses there are for the metal, any further source from which it 
could be obtained would be a boon to manufacturers, 

I would suggest that in this country the clay pockets in 
the Carboniferous limestone be well examined. In Sweden the 
di:bris from the numerous copper mines that have been worked 
in the district 1 have described would probably, if tested, be 
found to contain considerable stores of the mineral. 



CHAPTER XVII. 

MOL YBDENUM — ANTIMONY. 

Molybdenuin. desoiptian of its Ores-^onnncrdal Uses— British I; 
Inverness-shire, Cliarnwood Forest, Calbecli Fell — Norway : 
Nnmedal— Sweden — Description oftbe Depo^dls of Ekliolmen, cd 
Baltic Coast — Gennany — Austria — Hungarj' — America — Antimi 
Eaily Knowledge and Uses ol— Sl^iy of the Origin of its I 
Name— Native Antimony— -Ores ol Antimony — Uses of the \ 
— Antimony in the British Islands— Cornwall — Sweden : Sola I 
Ofveriud Mine, GUdharomar Mines^ — Germany : Uattz and Enge 
— Austto - Hungary — Borneo — Algeria — America — New 
Wales. 

^{OLYBDENUM. 
It can hardly be said that Molybdenum has as yet been o 
pletely reduced to a metaUic state. When most nearly I 
proachitig to this condition it is of a steel grey coloi 
specific gravity of 6 to 6'5, It rapidly oxidises on exposure 
ihe air, especially with heat. 

Molybdenum is not a widely disseminated mineral, . 
hitherto it has been obtained Jn very limited quantities^ 
compared with other minerals. It occurs in nature in three" 
forms — first and chiefly, as a sulphuret ; more rarely, secondly. 
as an oxide ; and thirdly, and more rarely still, in association 
with lead. 

1. Molybdenite {Sulphuret of Molybdenum). — Of a pure 
lead grey colour, with greenish grey streak. Specific gravity 
4-5 to 4"75; occurs in lumps and masses, and in six-sidci 
prismatic crystals, also in thin foliated plates and lamina- 
Chemical composition: molybdenum sg^o, sulphur 41-0; ui- 
fusible before the blow-pipe, but gives off sulphur fumes; i 
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tially soluble in nitric acid, leaving a small residuum. It has 
the appearance of plumbago, and has a soft, greasy feel. 

a. MoLVBDic or Molvbdena Ochre, of an orange yellow 
or sulphur colour ; contains molybdenum up to 8 per cent. 

3. MoLYBDATE OF Leao ( Ytllow Lead Ore). — Chemical 
composition : protoxide of lead 59 to 63 ; molybdic acid 30 
fo 35. with small proportions of silica, and occasionally oxide 
of iron ; colour, straw or honey yellow, with a waxy or resinous 
appearance. Occurs in masses, and also crystallises in four- 
sided tables, and also in eight-sided prisms. 

For the quantities of the mineral raised, the ores of molyb- 
denum have in different combinalions a varied use. In the 
manufacture of pottery molybdenum blue or blue carmine is 
used to imparl a blue colour of great brilliancy and durability. 
This preparation is obtained by mixing molj-bdate of sodium 
with a solution of chloride of tin, when a blue precipitate is 
obtained, which, when dried, forms the colour referred to, and 
is ready for use. With tin salt as leys, this molybdenum blue 
can be used on wool and silk. A solution of molybdic acid 
on sulphuric add is also used for dyeing silk a brilliant blue. 
Molybdate of ammonia is used for various chemical purposes, 
and in Sweden molybdate of sodium is used in medicine for 
the treatment of dropsy, 

British Islands. — In some of the Cornish copper and tin 
mines this mineral is occasionally met with, but scarcely in 
commercially paying quantities. Many years ago it was 
worked in the older rocks of the western part of Inverness- 
shire, It occurred in chioritic schists. I have seen it covering 
the smooth joint faces of the syenilic or fine-grained granite 
rocks of the Mount Sorrel quarries of Charnwood Forest. It 
has also been raised at Calbeck Fell, in Cumberland, 

Norway, — In this country it is found associated with copper 
ores in the neighbourhood of Arendal on the south coast, and 
in those of the long valley of Numedal, leading up from Kongs- 
berg to the north-west. In both these localities the rock is a 
hornblendic gneiss. In Sweden important deposits have re- 
cently been opened and worked in the rich mineral district 
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iding along the coast of the Baltic, elsewhere referred ta- ■ 
1 am able to describe these deposits more minutely. 

They occur on the island of Ekholmen (Oak Island), a 
little island situated in the Archipelago of Westervik, on the 
south-eastern part of Sweden, and about twenty miles north of 
the city of Westervik. The area of the island is 1,500,000 
square feet. The strata of the island consist of homblendic 
gneiss and micaceous rocks. Through lliese strata, from 
north'West to south-east, and dipping to about 70 degrets to 
the south-west, run seven distinct veins. These veins or lodes 
vary in width from 6 inches to 2 feet. At one point (our of 
these veins coalesce and form one deposit $ feet wide. The 
contents of these veins are molybdenite, molybdic ochre, and 
copper pyrites, with a gangue of felspar and quartr. The | 
lodes have a known length of 270 feet, and, where workc 
they have been proved to a depth of 30 feel, Molybdenitg 
in a quite pure state, occurs in lumps weighing u 
Where it occurs in smaller fragments and particles itM 
screened without difficulty to a state of great purity, 
summer of 18S0, from the ind of June to the and of Oclo( 
three men raised from these lodes 1,400 lbs. of pure molybj 
nite, together with about 10,000 lbs. of second molybdet' 
ore, having an average of 9 per cent, molybdenum, 1 
about 5,000 ibs. of unscreened ore. There is an absence 
the contents of these lodes of ])hosphorus, wolfram, and on 
minerals which it is difficult to get rid of. The ore raised ■ 
sent to Germany, which is the chief market for nearly all J 
most valuable ores of Norway and Sweden. The primt^ 
realised i6s. per kilogramme (very nearly a lbs.), or s 
^25 per cwt. 

In Germany the mineral is found to a limited extent u 
mines on the Saxon side of the Erzgebirge, imbedde<! 
quarts and in a hard greenish marl. 

On the Austrian side of the same mountain range I 
found at Zinnwald and Schlackenwald, in Bohemia, 
in quartz, which at the first place named is greasy an 
and at the latter place it occurs in plates in transparent qu^ 
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la some of the mines of Hungary it is found in small 
rounded masses, like those of Ekholraen, which are deposited 
in a greyish coloured clay — very likely decomposed from the 
surrounding rock. These masses are composed of large 
shining plates, closely adhering to each other. They contain 
a proportion of silver ranging up to 12 per cent, of the mass. 
In other mines in Upper Hungary molybdenum is found asso- 
ciated with gold. 

In the United States of America it occurs at Haddara 
and Saj'brook, in Connecticut ; at Blue Hall Bay, in Maine ; at 
Shutesbury and Burnlield, in Massachusetts ; near the Franklin 
Furnace, New Jersey ; and near Warwick, New York. 

ANTIMONY. 

Antimony is a mineral which has been known from remote 
times. It was the Slibitim of some of the ancients, and was 
much valued as a dye for personal use. The sulphuret of 
antimony was also known as Alcofal, an Arabic word for a 
very fine powder, in which condition it was used for the adorn- 
ment of the face. The words alcophal, alcosol, and alqufocor, 
the name given to the fine powder of the sulphate of lead used 
by the potters, as well as alcohol, are probably derived from 
the same source. The more modern name, antimony, is said 
to have arisen from the experiments of Basil Valentine, a 
German monk. Basil having tried the effect of the mineral 
upon the pigs, found that after a prelirainaiy violent purging 
they grew fat upon it. He therefore assumed that his brother 
monks would thrive upon a similar treatment. The dose he 
gave them unfortunately produced a very different effect, and 
they all died. The medicine then received the name of anti- 
mouk, whence it passed to antimony. The mineral occurs in 
nature in the following forms : — 

Native Antimony. — In its metallic state, in which, how- 
ever, it occurs Lut rarely, antimony is of a brilliant tin or 
silvery-white colour, with a slight tinge of blue. It is usually 
associated with a little silver or iron ; it is crystalline in struc- 
ture, and is very brittle, and possesses a highly lamellaled 
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structure. Il fuses reaOily before the blow-pipe, and at & 
temperature a little above that of zinc. If the heat is incre^cd 
it boils and passes off in fumes. Its specific gravity is from 
6-6 to 675. The native metal soon loses its lustre on ex- 
posure. It may be produced from its sulphuret by mixing 
4 parts of the latter with 3 parts of crude tartar and ij 
parts of niire, and placing the mixture in small quantities 
in a red hot crucible. Antimony is closely associated 
several other metals — cobalt, arsenic, copper, iron, zinc, sib 
and lead. The presence of the metal is generally EUp] 
lo deteriorate the metals it is associated with. Thus, in the 
language of the miners, it " robs " the lead with which it is 
found. The native metal was first discovered io the silver lead 
mines of Sala, VVestmannland, Sweden. 

SULl'HtJRET OF ANTIMONY, StIEINE, AMTIMONITE, GI 

Antimonv. — Colour, lead grey with a grey streak and 
blackish shining tarnish. Chemical composition : antii 
71 to 73, sulphur 27 to 39. Occurs in various forms, masaTC 
and granular ; also in thin lamiiiEe, and crystallised into 
fibrous and radiating groups ; brittle in texture, but, in a thin 
laminated form, slightly flexible; fuses in the flame of ' 
candle, and vaporises rapidly before the Utow-pipe. This l 
the chief ore from which the metal with its preparations i> 
derived, and it comprises the following varieties. As irc 
may not have occasion to refer to some of them again the 
localities where they are found are given. 

1. Arsenica/ Atitimony. — Colour, tin white with a reddish 
streak. Chemical composition ; antimony 36"4, arsenic 33"^; 
occurs massive and granular. From Allemout and Boheraia. 

2. Btrthierite, Hardifigerile. — Contains <f% lo t6 iron, 51 U 
62 antimony, and 29 to 31 sulphur ; colour, dark steel grey will' 
a yellowish or reddish tinge. From Auvergne and Anglas in 
France, Braunsdorf in Saxony, Tintagel and Padstow in 
Cornwall. 

3. Boulangmle. — Colour, dark lead grey, inclining to blue, 
with a dark streak of a silky metallic lustre, finely granulVi 
and in fibrous, radiating and columnar masses. Chemical coio- 
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position : 24 to 36 antimony, tS to 19 sulphur, and 56 to 58 
lead. From Moli&re, in France, Gladhammar mines, Sweden, 
Ober Lahr, Lajiland. Also found in Siberia. 

4. J-ai/Aer Ore, P/umosife.— Colour, daciileadgtey. Chemi- 
cal composition: antimony 31, lead 50, sulphur 19. From the 
eastern part of the Harti. 

5. Geokrenite, KUbrickeniU. — Colour, pale lead grey with a 
slight tarnish. Chemical composition : lead 67, with v to z- of 
copper and iron, antimony 16, arsenic 47, and sulphur 17. 
From the Sala mines, Sweden, Mi^r^do, in Spain, and near 
Pielrosanto, Italy. Kilbrickcttite, from county Clare, Ireland. 

6. Jainesonitt. — Colour, steel grey to dark grey ; occurs in 
parallel or radiating prismatic crystals. Chemical composition : 
antimony 36, lead 44, sulphur ao. From Cornwall, Estrama- 
dura, in Spain, Hungary, Siberia, and Brazil. 

7. Kebellile. — Colour, blackish lead gre)' to steel grey, with 
a blackish streak ; structure, columnar and radiate. Chemical 
composition : sulphuret of bismuth 33, sulphuret of lead 46. 
and sulphuret of antimony 13. Hvena, in Nerik, Sweden. 

8. /yfl^wn//^.— Colour, dark lead grey ; occurs in oblique 
rhombic crystals, also in thick tabular forms. Chemical com- 
position : antimony 37 to 38, lead 43 to 43, and sulphur 21. 
From Wolfsber^, in the Hartz. 

9. Stdnmaimite. — Colour, lead grey ; occurs in cubes with 
cubic cleavage, and massive. Chemical composition : varying 
proportions of lead, sulphur, and antimony, with a little silver. 

10. Snkmitt. — Colour, steel grey with a bluish tarnish, in 
six-sided needle-like prisms ; also fibrous and massive. Chemi- 
cal composition: antimony 44, lead 35, sulphur ai. From 
Wolfsberg, in the Hartz. 

The whole of these ores are soft, are easily scratched with 
the finger-nail. They have a specific gravity of 5-4 to 6-5. 

White Antimony, Valentinite. — Colour, yellowish grey, 
greyish while ; also brown, grey, and peach blossom red, witli a 
white streak with a pearly or adamantine lustre. Chemical 
composition: 83-6 antimony, and 16*4 oxygen; occurs in rect- 
angular crj'stals and in long tabular masses. Becomes yellow 
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I candle, and fuses to a while mass; soft, 1 
; gravity, 5-57. 



in the flame of a 
the preceding o 

I. AntimonaU of Lead.^~!*^ rare mineral of a yellow coloi 
ranging from grey and green to black. Chemical compositio 
oxide of lead 6i-8, antimonJc acid 317, water 6*5, 
near Nertschinsk, in Russia. 

a. Red Antimony. — Composed of both sulphuret and ora 
of antimony. From the Hartz, Saxony, and Hungary. 

3. Romeinc. — Anlimonate of lime, of a honey yellow colot 
and hard enough to scratch glass. Occurs in groups of minul 
eight-sided crystals. Found in Piedmont. 

4. Stnarmontile. — Colour, white to grey, more or lessti 
parent, brilliant, resinous lustre. Composition similar to thtj 
of white antimony, but differs slightly in crystallisation. 
Algeria. 

Antimony has been used from very early times for ( 
poses of supposed personal adornment, being more particulu 
used by eastern ladies for darkening the eyebrows. It v. 
said to have been one of the first minerals ysed in medic 
preparations. Its use was proscribed in France in the j 
1566 on the ground that it was poisonous, and i 
physician was expelled the faculty for having administered 1 
The prohibition was withdrawn in 1650, the mineral haiq 
then recently been received into the number of purgatives. 
1668 a provision was made by which the use of it was limvtl 
to doctors of the faculty. It is now generally admitted t 
although some of its preparations are virulent as emetic^ 
may, with intelligence and care, be used safely with advanti^ 
The tartar emetic of the apothecary is a mixture of antim 
and polassa. As a paint for the bottoms of ships its osd 
is very valuable, the use of it for this purpose being litnid 
by its price. Among the more modem uses to which ( 
mineral is applied is that of forming alloys with other c 
It hardens and improves the quality of tin, and is used in 4 
manufacture of Britannia metal and pewler wares gener^ 
Britannia metal being usually composed of too parts of bla 
tin, S parts of antimony, and 2I parts of copper, or t \ 
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of copper and bisniutli. An alloy of 17 lo zo percent, of 
aniimony with lead mates the most approved type-metal, the 
larger the type the smaller the proportion of antimony. Small 
proportions of bismuth and copper are sometimes added. It 
is used with great success in the composition of alloys adapted 
to withstand great friction, as machinery blocks and bearings, 
and also for those used in the manufacture of scientific instru- 
ments, as well as in the manufacture of sheathing metat for 
ships, and of shot, shell, bullets, and balls. 

In the British Islands antimony lias been profitably obtained 
from the mines of North Cornwall, and more particularly from 
the neighbourhood of Endellyon. Borlase refers to it as being 
obtained in thai parish in 1758, and also those of St. Stephen 
and St. Austell. In the three years from 177410 1776 inclusive, 
according to Price, 120 tons of antimony were raised in Corn- 
wall, of which 95 tons were raised at Wheal Boys Mine in 
Endcliyon, the price being from 13/. to 14/. 14J. per ton. The 
remainder was obtained from a mine near Saltash or Tred- 
innick, which has also subsequently been worked for the 
mineral. From 1800 lo 1840 workings were carried on at 
intervals near Endellyon, at Trevaihara, near St. Teath and 
St. Merryn.' The metal was discovered in Pillaton about the 
year 1819, 10 tons being raised in that year, 33 tons in iSao, 
and 79 ia 1881, The principal ore was Jamesonite. In the 
year 177S there were antimony works at Restronget Creek, 
Falmouth Estuary, the ore being the ordinary sulphuret. About 
the year 1856 Mr. James Bennet made a valuable discovery of 
the ore on Lady Molesworth's land, in St. Keev's parish, A 
recent discovery of the mineral near Liskeard shows, according 
to an analysis by Mr. M. VV. Bawden, 60 to 70 percent, of 
antimony, with 6 to 13 ounces of silver, to the ton of ore. The 
mineral occurs in the ordinary clay slate of the country in which 
the lead mines are worked, and it occurs in true lodes in the 
usual way. There have not been any returns of the mineral as 
raised during the last two years. 

Sweden. — Both native aniimony and sulphu ret occur, the 

» Gtologiial Rtpirt on Caniicalt and Devon. By Sir H. De la Bfcbe. 
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former but rarely, in the Sala Mine, in the north-west of Swedi 
Westmannland, They occur in association with lead ores, very 
rich in silver, that are lounil in lodes which traverse a primitive 
limestone from east to west. The mineral is also mixed with 
the grey copiier ore of the Ofverrud Mine, in the parish of 
Glafva, Wermland. The occurrence of the mineral as in ihe 
form of boulangerite, along with cobaitiferous copper ores and^ 
ores of lead at the Gladhainmar Mines, near Westervik, 
referred to in the chapter upon cobalt. Some of the specii 
of the associated ores are very beautiful. 

Gkrmanv. — Antimony ores occur in the two great miniiig 
districts of this empire, the Hariz and the Lrzgebirge, in nearly 
all the varieties described. It is associated with the lead ore 
of the former district, and with the more mixed ores of the 
latter. It is also produced to some extent as sulphurel near 
Scheinnitz, Krcmnitz, and Fclsbany, in ihe Austro- Hungarian 
Empire. Some years since the production of antimony in Ger- 
many reached 73,500 lbs., and in Austro- Hungary 539,000 lbs. 

Borneo. — This island has for some years past been the 
chief source of the supply of the mineral. Little is as yet knoo n 
of the mineralogical conditions in which it occurs, except ih:-^ 
it consists chiefly of antimony ochre, of which large quantiii..- 
are shipped lo England, to Hamburg in Germany, and Bosloi. 
in the United Slates of America, where it is refined ; also 10 
China. The chief mining districts are in Sarawak. Natiw 
antimony In a very pure state is also obtained. Tlie exports 
of the mineral in the year 18S1 from this State amounted in 
value to $71,516. 

Algeria. — In thiscountry.at Ani-bebbouch, in Constantioc; 
sulphuret of antimony, as senarmonlite, is largely worked, atu) 
is shipped in considerable quantities to England. It is found 
as octohedral crystals and in fibrous masses, and as botryoidii 
incrustations of a snow-white colour. 

In America antimony has been found in small quantities . 
the United States at Carmel, Maine, Cornish and Lyme, Nc 
Hampshire, and at Soldier's Deiight, in Maryland. In tl.: 
province of New Brunswick mining operations have been am- 
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ducted at Prince William. The ores occur in a number of parallel 
contact veins or deposits, occurring between different strata. 
These run east and west, and they have a number of small 
feeders running north and south. The ore is sulphuret, with 
native antimony rarely occurring. 

In New South Wales there were in the year 1881,862 acres 
of land let for the mining of the ores of antimony, the value 
of the ores obtained during the previous ten years being 1 1,830/. 

The lodes on the Munga Creek, near the Macleay River, 
traverse Devonian strata and contain the oxide and sulphide 
of antimony. The gangue of the lodes consists chiefly of 
quartz, and in this the ores of antimony occur in irregular 
bunches. Associated with the ores at Armidals there is free 
gold which is visible to the naked eye. The yield of antimony 
from various parts of Australia has largely increased during 
the last few years, and the mining of the mineral is becoming 
an important feature in the industry of the country. 



CHAPTER XVIII. 

MANGANESE. 

Uaneaitesein its Native State — Rapid Oxidisation of— Usea of theO 
of Manganese — -Alloys of ttie Metal with Iron anil Copper — Defcriplitj| 
orits Ores—Manganese Ores oF Great Biitun and Ireland — Ci 
Rocks of North Wales, of Scotland— SiluriiD Strata of Ird 
North Wales — Silurian and Devonian Strata ofConiwall and Xt 
History of Manganese Mining in tbose Coantiei — Devonian St 
North Wales— Carbon ifciom Limestone of Dciby^iic, of Sbti 
— The Manganese Drrpog its of Nassau, North Germany — Italjt: MtM 
Val d'Ao«lB and Touinanche — Spain, Mines of the Huelva Dittridtd 
Cape de Gala— France : the Romaniche Mina, Ccvcnncs, Voeee 
Occuirence of Manganese in the Mines d'Aipridr<s — Am 
Manganese Ores of Missoiiii — Arizona — Caitada — InfcRnces. 

In its metallic stale manganese is a greyish white nietid ( 
considerable brilliancy and of a granular texture, with i 
the same appearance as haid cast-iroD, and of a very fa 
texture. It is, however, an operation of much difficulty A 
extract the melal from its ores. Hydrogen and charcoal at J 
red heat reduce tlie superior oxides of this metal to the Si 
of protoxide without eliminating the pure metal at that i 
perature, but at a wliite heat charcoal deprives tlie metal of d 
whole of its oxygen. 

Manganese oxidises very rapidly on exposure to tJie att) 
sphere, failing down iti a black powder, and, as will be MOlffl 
is in various stages of oxidisaiioa that the mineral b c 
found in its ores. The bUck oxide of mnnganese ma I 
.1 long time known as maptaia ns'sra, &t>m a GtnciedJ 
semblance to magnaia aiba. Its true nature was 6fst B 
by Scheete in 1774. and almost immediately 1 
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wards Galin oliuincd from it ihe metal now known ns 

mangitncse. 

The ores of manganese arc used in the arts for the genera- 
lion of oxygen and the manufacture of bleaching powder. The 
sulphide and chloride of manganese ate used for colouring 
purposes in the printing of calico, the sulphate imparling a 
chocolate or bronze colour. Its ores are also used in glass 
manufacture, chiefly for giving a violet colour. Latterly the 
application of these ores has been consideral}ly increased and 
extended by their use in the manufacture of various valuable 
alloys in conjunction with other more purely melallic minerals. 
Iron, for example, readily unites with manganese at a high 
temperature, and a proportion of the latter mineral makes the 
iron whiter and harder. It is also found that iron ore con- 
taining a small proportion of manganese is the best for the 
manufacture of steel. Nor is the tenacity of the iron destroyed 
by the admixture of a small portion of manganese, as much 
as I '85 of the metal having been found in a bat of iron of good 
([u.-ility ; and traces of the metal are found in good iron and 
slee! from Russia, Sweden, and France. At tlie smclting- 
worksat Diilenburg, in Hesse-Nassau, several valuable alloys of 
the metal are made with iron, copper, and tin. Mansfield 
refined copper, for example, mixed with 11 per cent, of man- 
ganese, forms the pure manganese bronze, which is capable of 
bearing a heavy breaking strain. A mixture of copper 85, 
tin G, line 3. and cti pro-manganese 3 parts, gives a casting that 
will bend to a. right angle before showing fine cracks. An alloy 
also of great Rardncss. but workable with tools, is also made at 
tbe same works with 80 parts of copper, 10 parts of lin, and 
10 parts of manganese. Varying proportions of the mineral 
are used with iron, tin, copper, and line to produce results 
adapted to particular uses. The presence of a little iron in 
manganese imparts to it magnetic properties, and renders it 
less liable to rapid oxidisation, but the presence of manganese 
in any force destroys the magnetic properties o( iron. 

The ores of manganese arc the following, their specific 
gravity ranging from 3*4 to S'a. 
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PvROLUsiTE, from the Greek pur fire, and luo lo wash, 
reference to its use in lakiog away the green and brown 
of glass. Colour, iron black wilh a black slreak. Chemi 
composition : dyd manganese, and 36'4 oxygen. This is the 
most abundant ore of manganese. It includes the varieties 
Varvarcitt and PoHaniU, which are of the same chemical com- 
position, but differing — the first by containing a little water, 
and the second by its less hardness. Crystallises ia small 
rectangular prisms. Specific gravity 4'8 to s'o- 

PsiLo.MELANE, Greek psihs, smooth or naked, and mtlas 
black. Colour, greenish black, bluish black, and black, shin- 
ing reddish or brownish black streak. Chemical com]i05ilioQ 
rather varied, 4-7 lo 11 protoxide of manganese, 50 to 80 
hypecoxide of manganese, 6 to 16 baryta, 2 to 5 potash, o lo 1 
copper, and 0*5 protoxide of cobalt. Associated in the same 
mines with pyrolusite, the two often occurring in alternate 
layers. It is an abundant ore. Its varieties are Heteroclin and 
MarceUine, or Braunite, containing 10 to 16 per cent. ofsilicL 

Manganite. — Chemical composition : 89'9 of peroxide ol 
manganese and lo'i water. Occurs in rhombic prisms, and 
also in a massive form. Specific gravity 4*3 to 4-4. Colour, 
dark steel grey to iron black, often brownish black , with ; 
tarnished brown streak. 

Manganese Spar {H/iodoniU). — Occurs in oblique rhomtnc 
prisms and also in large masses. Colour, dark rose red, bluiita 
red, or reddish brown. Specific gravity 3's to 3'6, translucenti 
vitreous, or pearly. Not affected by acids. Chemical com- 
position : 45'33 silica, and 53'67 manganese protoxide, «lh 
3 to S lime, and o to 6 iron protoxide. Its varieties Sie 
Bustaiiilf, from Mexico, of a pale greenish or reddish gtev 
colour, with 14 lime; Fowlcrite, from New Jersey, with ;' 
II iron protoxide ; Ttp/irotle, also from New Jersey, with 2'} > 
of silica, and "jo'i of protoxide of manganese. Less definalik 
varieties are, FaisbcrgiU from Sweden, and Hydropile, Phutiate, 
Allagite, and Ham Manganese, 

Cupreous Manganese.— Colour, black, inclining to blu^ 
and black. Specific gravity 3'i to 3-2. Opaque, rather bnul; 
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or friable. Cliemical composilion : 14' to 17' copper protoxide, 
I -6 baryla, j's lime, o'z lo 0'6 protoxide of cobalt and nickel, 
15 to 17 of water, wilh frequent admixtures of other sub- 

Ckednerite. — Chemical composilion: 41-85 copper pro- 
toxide, and S7'i5 peroxide of manganese. Colour, iron black 
with a brownish black streak. 

TwPLnE (Ferruginous Phosphate of Manganese). — Occurs 
in a massive form. Colour, blackish brown. Chemical com- 
position ; protoxide of manganese 33'2, protoxide of iron 33'6, 
phosphoric acid 33'2, with a little Hme. Its varilies are Hde- 
rosite, with 4i"77 per cent of phosphoric acid, and Hurauhle, 
with 38 of phosphoric acid, and iS per cent, of water. 

Wad (Bog Manganese), — Earthy or compact ; also occurs 
in coatings and dendritic forms. Colour and streak brown or 
black. Chemical composition very varied, but consists usually 
of from 30 to 70 per cent, of peroxide of manganese, mixed 
with varying proportions of peroxide of iron, and the oxides 
of copper and cobalt, and with from 20 to 25 per cent, of 
water. Like bog iron ore it is formed in marshy places from 
the decomposition of substances containing manganese. 

Besides the above there are Hausmannite, a sesquioxide of 
manganese, containing when in a pure state 72 per cent, of 
manganese, found in Thuringia and Alsatia. Pehmnite from 
Chili, a mixture of manganese and iron. Manga nilende or 
Alabandine; chemical composition : 3 1 protoxide, and 69 perox- 
ide of manganese, or 72'4 manganese, and 27*6 oxygen, the 
proportions varied by proportions of sulphur, occurs wilh 
gold in Transylvania. Hauerite from Kalinka, near Neusohl, 
in Hungary; colour, reddish brown to black; chemical com- 
posilion: 46-28 manganese, and 53'72 sulphur, Duillogile or 
red manganese ; chemical composilion : 6a protoxide of man- 
ganese, and 38 carbonic acid, varied by the carbonate of lime 
o to 13, magnesia o to 7. or iron o to 15 ; the Hart^, Saxony, 
and Hungary, lis variety, Wiserile, is silky and fibrous and 
contains water. There is also the arseniuret of manganese, 
greyish white in colour with a black tarnish ; chemical com- 



286 



EARTHY AND OTHER MINERALS. 



position: 4275 manganese, and ST^5 arsenic, with a lil| 
iron, found in Saxony. 

Great Britain and Ireland. — In the British Islan 
we find tliese ores in a. widely disseminated form, and 1 
in masses sufficiently concentrated for successful mining. 
the former state il permeates the Cambrian slates of Nc^ 
Wales, or rather the metamorphic rocks by which they I 
traversed, forming the beautiful moss and tree-like forms sold 
to visitors to the principal slate quarries as ' landscape stones.' 
It is gathered into small nests, bunches, and strings in the 
porphyritic and ash beds of the Llandeilo strata of the Princi- 
pality, The lower dolomitic beds of ihe Carboniferous rocks 
of England and Wales are also covered and permeated with 
the same dendritic or tree-like forms, and the ores an 
into cracks and cavities. There are also curious pocketal 
loose sand with a manganese nucleus and radiations in ^ 
thick sandstone beds of the millstone grit, and a reference 
the chapters in this work descriptive of the phosphate of li 
deposits of the world will show how persistently and univcra 
this mineral has been associated with the ordinary qualiti 
phosphate of lime through all time. Let 115 now notict 
as it is gathered into deposits sufficiently large to 
attempts at mining, beginning with the oldest strata ii 
such attempts have been made. 

Cambrian Hoda. — About thirty-five years ago there i 
considerable activity in Carnarvonshire in seeking for I 
ganese ores in the strata associated with the slate rocks of d 
county, without, however, leaving any permanently pracS 
results. The deposits occurred in strings and small nests h 
and there, but not extensive enough for working. 

In Scotland, in rocks of a similar or, it may be, older i 
than Aberdeenshire, a vein of manganese of considers^ 
extent was discovered and worked for some time in the 1 
part of the last century. The ore was, however, extreat 
hard, being largely mixed with quartz and baryta, and i 
further intimately combined with silica, and altogether i 
txtremely difficult to reduce it to powder. It is on i 
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that this mine yielded some beautiful specimens of the radiatt-d 
gray ore. 

Silurian Strata of the South of Ireland. — The Glandore Mine, 
near Cork, has been worked for some years in slaty rocks. 
The ore lies in what appears to be the junction 0/ two lodes. 
It is mixed with spar and some iron ore. The production of 
this mine in i58i was 250 tons, of the value of 435/. 

Lower or Cainhro- Silurian Rocks of North Wales. — Mining 
operations have been carried on at irregular intervals in the 
slaty rocks of the region between Festiniog, Trawsfynydd, 
Bala, and Dolgelly, with their inierstraiified ash, felspalhic and 
porphyritic rocks. In the slaty rocks tiie ores of manganese 
occur in irregular veins or joints, which open and close at 
intervals along their course, and at the intersection of these 
with floors or horizontal joints in the rocks. Hitherto the cost 
of carriage in that district has been fatal to the successful 
mining of so low priced a mineral, and it is very doubtful if the 
ore exists in sufhcient quantities and in masses concentrated 
enough foY profitable mining. Probably now that the region 
is opened up by railways new attempts will be made. 

Silurian and Dn<onian Strata of Cornwall and Devon.' 
— Borlase refers to manganese as raised on Tregoss Moors 
in the year 1754, and mentions it was used for glass making 
and the manufacture of Egyptian ware in Staffordshire, for 
which purposes it seems to have been wholly employed until 
it came into use for bleaching. About the years 1760-70 
manganese ores were found at Upton Pyne, near Exeter. 
Other deposits were discovered about the same time at 
Newton St. Cyres, in the same neighbourhood. This group 
of mines for some years yielded from 200 to 300 tons a 
year, at prices ranging from 30^. to 3/. per ton, but they 
became exhausted, Upton Pyne about 1810, and Newton St. 
Cyres soon aftenvards. But about the same time similar ores 
were discovered and worked at Doddescombkigh, Ashton, 
Criston, and other jilaces. About the year i8r5 manganese 
deposits were discovered and worked in the neighbourhood of 

• De la Bcche, Gtetngiiai KfJ'orl of Canrmali and Devon, p. O09. 
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Tavistock and Launceston. Subsequently ihe ore was raiw 
in the vicinity of St. Stephens, and discoveries have condaut 
to be made in the original localities and to the north-east u 
soutli-west of them until now. 

Between the years 1804 to 1810 the quantity of manganese 
shipped from Exeter amounted to 3,000 tons a year. In il 
the quantity raised in the two counties was estimated at about 
4,000 tons. In 1839 the production was taken at 5,000 tons, 
of the very high value of 8/. per ton. At the 
time there are sixteen manganese mines in the two countii 
five of which produced, in 1881, 1.855 tons of ore, of t] 
declared value of 4,922/., or rather less than 2I. 141, per b) 
Of these mines, ChiUaton and Hogston, Ruthen, Lydcock, u 
West End Down, Whetstone and Rose Exbridge, the 
named, produced 1,224 tons. The average price is, howev« 
reduced by the inclusion of 1 40 tons of manganiferous iron 01 
at Rose Exbridge which only realised 13/. 91/. [)er ton. 11 
ore from Chillaton and Hogston realised 3/, lOJ. per ton. 

Concerning the geoiogical age of the manganese mines * 
Devon and Cornwall, it may be stated broadly that the mini 
extending from Launceston and Tavistock to the soutb-ve 
occur in Silurian strata, and those to the north-east in beds « 
Devonian age. There is a considerable difference in ill 
modes of the occurrence of the ores in these two groups < 
rocks. In the older or Silurian strata the ores occur chi^jr ■) 
' n rocks of the same age already described in North Wales, 
veins, chiefly cross crosses from lodes of other minerals, ip« 
regular fissures, and at junctions of the same with lines fll 
bedding. In the Devonian strata the ores occur chiefly 
irregular masses that occupy portions of the strata thetnselTO^ 
and are probably of contemporaneous age. Where the ore 
collected into previously worn cavities and fissures, there ire 
often beautiful examples of crysiallisations. 

Several of the ores of manganese are found throughout thft 

10 counties — braunite near Launceston, psilomelane at 

Upton Pyne, and bisilicale of manganese near Tavistock and 

Callington— but the prevailing ore is pjrolusite, or grey 
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k ore, containing 70 to 79 of peroxide of manganese. This 
is combined with variable quantities of silicious and alummous 
matter and oxide of iron. 

The ores are associated with those of iron, but as in most 
other mines, the two classes of ores are distinct, and occupy 
separate parts of the same deposit, the ores of the Rose 
Exbridge mine forming an exception, 

Thf Devonian Strata 0/ North Walfs.~M the base of llie 
Carboniferous limestone of Denbighshire, along its course from 
tFie Eglwyseg cliffs near Llangollen to near its termination on the 
mainland in the promontory of the Great Ormes Head, there 
are nearly continuous patches of Devonian strata, correspond- 
ing probably to the upper division of that group. These strau 
consist of dark red sandstone, conglomerates of pebbles de- 
rived from the older rocks, hard shales, and impure limestones. 
The whole series rests upon a waterworn floor of the VVenlock 
beds of the Upper Silurian strata. 

Deposits of haematite have at various limes, including the 
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Fig. 6i will give an idea of the nature 
shows the hfemalite and manganese ores as occurring in ir- 
regular tnasses in the impure limestone beds. These masses 
owe their origin either to an original deposition contem- 
poraneous with the disposition of the beds themselves, or bjr 
the subsequent infiltration of mineral matter into cavities madQl 
in the limestone. From their extent and position, as well ar 
from the light thrown upon these more ancient deposits by the 
newer ones of Nassau and elsewhere, to be described, I incline, 
in the absence of evidence to the contraiy, to the first supposi- 
tion. This deposit is interesting from its stratlgraphical rela- 
tion and similarity in other respects to the Devonshire mines, 
showing, as it does, similar mitieralogical conditions in strata 
of the same age in widely-separated areas. 

Carboniferous Lirmstone, X'(ri_yfA/W.— Manganese has been 
mined for a long time in the Carboniferous limestone of 
Derbyshire and in its immediately overlying clays of local 
derivation. It was formerly supposed to be an iron ore, 
but its true nature has been known for over a century. It 
occurs chiefly as wad, in earthy masses not unlike balls of 
soot, crumbling to pieces on exposure to the atmosphere, but 
it shows when broken a few traces of its metallic nature in the 
shape of numerous minute shining veins. The deposition of 
the manganese in bulk is of an age subsequent to that of the 
deposition of the Umestone. It seems to have been washed 
out of the latter, through which it was originally distributed, 
occurring more abundantly near the lines of bedding, and to 
have been deposited in cracks, irregular fissures, and worn 
surfaces of the limestone beds. In the year 1881 eight Derby- 
shire mines yielded an aggregate of 474 tons of ore, of the 
value of 7 10/. 

Shropshire. — A manganese mine was worked some years 
at Pant, near Oswestry, which is interesting as illustrating 
Derbyshire deposits just referred to, and as throwing some' 
light upon the Nassau deposits, to be di 
hollow in the rather impure limestone was filled with : 
pact white clay of pre-glacial age. At the time of my 
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short tunnel had been driven and a chamber opened in the clay. 
Id excavating this chamber several nests and pockets of man- 




e were found, and others remained in the sides of i!ie 
chambers as shown in fig, 63, 

I have already observed ihat these limestone rocks in the 
neighbourhood abound with dendritic impregnations of man- 
ganese, and that the millstone grit beds ate dotted with pockets 
containing loose sand and a manganese nucleus. The man- 
ganese of the Pant Mine, therefore, seems to be the washing 
out of the mineral from ihe rocks to which it originally be- 
longed, an operation that was continued through a long period 
of time. We also see how the manganese was accumulated 
into dislincl masses in the day, partly as the result of chemical 
affinity and partly of mechanical action. 

The total production of manganese in the British Islands in 
the year 1S81 was 2,884 tons, of the value of 6,441/. There 
was also imported from other countries during the same period 
18,743 tons, of the value of 7 1,1 49/., or nearly 4/. per ton. The 
discrepancy between the value of British and foreign ore may 
be partly accounted for because with the British we have given 
its value at the mine, and in the case of the foreign its value 
when brought to port. It is also unlikely that low-class ores 
would be shipped at all from foreign mines. 
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We will now proceed to notice ihe manganese deposits I 
other countries, whence these importations are derived. 

The various ores of this mineral are found in the older l( 
of Sweden, of Russia, and of those of the chief mining distil 
of Austria and Germany, under conditions similar to those 9 
which they are found in the British Islands. In Russia,] 
valuable deposit of manganite is worked at Tagel, in the Ura 
and the mineral is used in the manufacture of steel, Figs, t 
and 6s give a plan and section of the manganese mine wotki^ 
in the older slaty strata at Elbingetodc, in the Hartz mi 
district, Germany, which was long successfully worked, 
figures will explain the nature of the deposit, and I will pass a 
to notice the more recent, comparatively speaking, deposits 
the Lahn Valley, in Nassau, North Germany, 

Germany-' — The deposits of manganese just referred I 
occur in the valley of the river Lahn, a river that enters t 
Rhine about three miles above Coblenlz. They ate gener 
coextensive with the deposits of phosphate of lime describJ 
in this work. They stretch from the village of Baldwinstql 
between the towns of Nassau and Diez, noith-eastward | 
Limburg, and as far east as the town of Hadamar, by Deh( 
Diet Kirchen, and round by Heckolshausen to the townl 
Weilburg, and on to Wetdar and Giessen. The basein 
rocks of ihe whole district, as shown in the section, Fig. * 
are shales, slaty rocks, and sandstones belonging to the LoM 
and Middle Devonian strata, These are surmounted t 
dolomitic limestone, No. 5 of figs. 67, 68, 69, 70, 7 
surmounted in limited areas by shales {Cypridiwv &hU/er^^ 
Upper Devonian age. Over the greater part of the whole 1 
there is a de|x>£it of compact clay of from 10 to 50 
thickness (No. 3 of figures). This in its turn is overlaid t 
drift composed chiefly of quartz detritus {Quarti Geufii 
I, and Dammerde, or soil No. 1. Iiiiine<liately u|>on d 
limestone there sometimes rests a sand-bed (No. 6), 
seems to consist of the sandy pitrticles originally belongi 
' F. Odomlielmer, Dtu Berg und HiitUirtrtien i« HrrMgtktim. NiM 
IDlhot oUo cumined leveral of ilioe ileiiosiU m \ht mn ' ' 
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the limestoDe, the calcareous matter having been dissolved a 
carried away. 

It is upon the worn edges of the limestone, as shown i 
figs. 67 to 71, that the deposits of manganese, accompanied 
by those of htematite as well as those of apatite, as described 
in the chapters relating to that mineral, occur. The limestone 
itself is frequently impregnated with manganese. It also con- 
tains little cavities in which are crystals of carbonate of lime, 
manganese spar, and pyrolusiie of a dark blue or grey colour. 
The ores of manganese contained in the layers and nests in the 
clay above the limestone consist of pyrolusite, psilomelane, 
manganite, and wad. In the layers pyrolusite and psilome- 
lane are in separate nests ; wad and manganite occur promis- 
cuously. Ironstone of several varieties, but chiefly hiematim 
are found associated with the ores of manganese. As show) 
in the accompanying figures, they generally occur in distiiK 
layers, but ores of iron are not (infrequently found adhering ti 
those of manganese. Where there are two layers of m 
the lowest is usually more mixed with ironstone than the uppc 
most, besides whicli the ore of the top bed is better in qualityifl 

The figures 67 to 71 will illustrate the various modes t 
the occurrence of the ores. Fig. 66 is the plan of a h<emati| 
deposit near Niederlie fen bach, and figs. 67 and ■ 
respectively a longitudinal and cross-section along the lioj 
intersecting the plan. It will be seen that there are here L 
deposits of both manganese and hematite. It is also intere 
ing to notice how distinct the two deposits are, and that whri 
the hEematite is at its greatest strength the manganese fa^ 
and that the hematite fails where the manganese is present 1 
full force. 

In fig, 71 we have a section of the Hiichst Mine in t 
same locality. Here there is interposed between the lia 
stone and the manganese deposits a considerable thickness \ 
shale, known to the miners as schaaislein, but which must i 
be confounded with the schaalstein containing cyprina. 
are here two manganese layers, and in the schaalstein ther«l 
a continuous layer of brown ironstone. 
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In fig. 69 a contimious layer of manganese rests upon 
ef|ually continuous layer of raulm or sand, both following 1 
worn edges of the limestone. In fig, 7 1 we have an exam] 
of the thinniog out of both mulra and manganese, with t 
occurrence of brown ironstone, and of the same containi 
Tiests of manganese occurring over the manganese. 

The thickness of the manganese varies from 6 inches 
1 5 feet, the average thickness taken from a great number 
mines being i foot 6 inches. 

The average quality of the manganese obtained from the 
(iifferent workings is about 63 per cent, of peroxide of ma 
ganese. The quantity obtained from one square lachl 
= S feet X 5 feet X 5 feet, is about 5 tons. Some years sin 
there was computed 10 be in the district 2,800,000 qua 
ralachlers of the mineral ; the mines numbered 159, and t 
production had reached 25'°°'^ to"s a year. 

Farther north, where the rocks beneath the limestone coi 
to the surface, there are numerous small accumulations 
manganese in them, and the ore is widely dissemlnat 
through them. I have already noticed that manganese occi 
in the limestone itself. In all probability, therefore, the 
masses of the mineral are due to the same wearing down 
washing out processes already described, by means of w. 
the manganese has been extracted from its parent rocks, 
accumulated in layers and nesis, as we now find. The 
clay belongs to an age preceding the long and somewhat 
linite period known as glacial. 

The mining is very simple. As in the mining for a{ 
in the same region, small shafts are sunk through to the 
These are, where the clay is wet or loose, cased with wiclo 
work. Speaking from experience, I can say that the undi 
ground workings are tortuous and intricate, like a rabh 
warren. Little or no limber is used, the clay ordinati 
being strong enough to stand without assistance for the tin 
required. Mining operations are confined chiefly to tl 
summer months, partly because of the drier state of the cli 
then, and also on account of the washing of the ore, which 
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done oa tables and on troughs in the open air by youtiis «t 
young women by the side of the nearest stream — where pH 
ticable, by the side of the river Lahn itself. 

Cheaply as the mining is conducted, it Is difhcull, after d 
freight down the Lahn to the Rhine, the transhipment J 
Rhine barges, the transhipment to seagoing vessels, and I 
freights down the Rhine and by sea to England are paidJ 
make mining manganese in tliis district for exportaUOoJ 
foreign pans to pay. I 

Italy. — A group of manganese mines has been woifl 
for more than a hundred years in the Val d'Aosta and m 
Val Toumanche, Italy, They seemed to have been worn 
for other minerals at a much earlier period, it is said byfl 
Romans, who left a large quantity of ore about the mini 
Tiie names of this group of mines are, St. Marcel, now woiU 
on a lode ; Tourgnon, also worked on a lode ; Val ttt 
manche, worked on an immense irregular deposit; and Bi 
donecha, worked on a series of nearly horizontal beds, whw 
are about one metre thick. The ores are the ordinary oxidC 
varied with proportions of sulphur. They frequently occulj 
a crystalline form, and all of them contain a small proportq 
of silver, i 

It is probable thai the lodes referred to are simply brwtd 
ings out from the great irregular masses and beds in which a 
workings were first prosecuted. Thus Saussure describes d 
mine of St. Marcel, nearly a century ago. as 'situated Oil! 
mountain of gneiss, the beds of which arc in a horizontal pO| 
tion. The mine is eniirely open lo the day, and the ore ■ 
supposed to be deposited in a large mass rather than in 
bed or a vein. It lies parallel to the strata of the motmtal 
and it is about 15 feet in thickness where it appears on d 
surface ; but it gradually diminishes as it enters the moB 
tain to the thickness of 5 or 6 feet. It has been penemn 
about 50 feet, and it does not appear to exceed tooxoj/i 
feet in length. Its inclination Irom the west is at an xngle i 
1 5 to 30 degrees. The mine affords tine specimens of d 
red ore or carboDSle of manganese, which arc of a bcaiu| 
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^td colour, and crystallized in the form of rhomboidal 
prisms.' 

In a recent statement the costs of working the St. Marcel 
mine are thus given. Mining, per Ion, 15 francs, royalty 5. 
carriage to highway 30, along highway to railway station 15 
=^ 65 francs. The value of the mineral is put at 4/., so that 
deducting 65 francs =; 2I. 12s., a profit of 1/. Sj. per ton is 
lefL In this statement there is nothing put down for explora- 
tion and dead work, nor for management, so that it is probable 
that in actual experience the margin of profit would be reduced. 

Spain. — In the mining district of Huelva, Spain, represented 
on the annexed map, fig. 72, a district famous for its rich 
pyrites and hiematite deposits, a very large quantity of man- 
grjiese has been raised, there being some years since some 
150 miners at work. These manganese mines stretch over the 
south'West part of the province of Huelva, with a portion of the 
contiguous part of Portugal. The greater part of this r^on 
lies about 800 feel above the sea. It is an unfruitful region, 
the population being chiefly supported by the mines. 

The manganese lies in clay sl.ite belonging to the Silurian 
group of strata {Lower Silurian probably). The rock is of a 
greyish colour and shining appearance. The general strike of 
the strata is from north east to south-west, with a dip of from 
40° to 50" to the south-east. Between the villages El Alosno 
and Caslillejos these schists are about a mile long and 2,000 
feet in thickness, very compact, and with protrusions of felspalhic 
and greenstone porphyry rocks. The manganese occurs in the 
clay slate in the vicinity of these harder rocks, and often at the 
point of contact between them and the clay slate. It is asso- 
ciated with quartziCes and small ironstones, of both of which 
there are layers and nests inlerstratified between the slates. 
The manganese occurs in the contact of the slates with these 
layers. Usually the manganese is not co-extensive with the 
ironstone layers, but it is of considerable thickness, and it 
opens out into great nests ; usually the thickness is less as the 
extent is greater. Thus, at the mine of St. Cataline, the deposit 
extended 1,300 feet with a thickness of 2 feel, whUe in the 
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mine Louisa the deposit was 150 feet in length with a thickness 
of 25 feet. 

In the layers the manganese and iron do not preserve a 
similar or equal thickness throughout their extent. Gne 
mineral presses out the other, so that one or the other often 
occupies the whole space between the under and overlying 
rocks. The two minerals, though so closely associated, are not 
mixed, but are kept distinct from each other, so that usually 
the iron does not contain manganese nor the manganese iron ; 
a natural arrangement which we have seen prevails elsewhere, 
and one that much facilitates the working of both minerals. 

The principal ores of manganese worked in this district are 
pyrolusite and psilomelane, wad and manganite seldom occur- 
ring. The best analysis shows 94 per cent, of oxide of man- 
ganese, the average quality ranging from 70 to 75 per cent. 
The thickness of the nests of manganese, with the underlying 
iron, ranges from 10 to 40 feet. The concessions are usually 
300 metres long and zoo metres broad, with vertical boundary- 
lines. The proportion of productive to unproductive ground 
in these concessions is very variable. The workings were some 
time ago all open to day, but as the ore is won the layers are 
followed downwards. The cost of getting and separating 100 
lbs. of manganese is slated at from 2 to 3 reals, the minerals 
hand-picked, and the adhering clay, slate, or other substances 
separated from it. Manganese ores also occur near the Cape 
de Gata, the south-east point of Spain, and the southernmost 
point of the Sierra AlgamilJa. The mining district is about 35 
miles long by 16 miles broad. It hascup-shaped hills of trachyte 
and porphyry, which contain ores of manganese, lead, and copper. 
On the west side of these hills there are calcareous shales of 
Tertiary age, which arc upheaved and broken by the trachylic 
and porphyritic rocks. In these latter rocks there are man- 
ganese ores of a quality of 70 to 90 per cent, of peroxides, but 
the deposits are so small in extent and thickness that it is 
scarcely possible to make the working of them pay. In the 
abrasion of these rocks, however, during long ages, the man- 
kanese lias been separated from ihem, and has been gathered 
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into nests and layers in ihe Tertiary strata, which are &equei 
a calcareous conglomerate. Some of these deposits havtffl 
extent of 250 feet in length, 150 feet in breadth, and a thid 
of 5 feel. They contain peroxide of manganese of Irom 75.* 
So per cent. The strike of the beds here Is from north-wes 
south-east and the dip north-east i$ degrees to 30 degrees. ] 

France. — This country has been rich in manganese. 
old mine of Romanfeche. in the Department of Seine am 
Loire, has been worked for this mineral over a hundred year> 
It is situated on the eastern slope of a chain of mounlain- 
nmning north- north-east and south-south-west, composed c 




granite limestone and hard sandstones as seen by the aanen 
sketch fig 7 1 which shows how the deposits were undcnto( 
about a hundred >ears ago 

There is first of all a thin vein or irregular Iwd of mangs 
in ihe granitic rock, and then, a little higher up, a tnuch b 
deposit, the main one, which U surmounted by what is near i 
surface a greenish clay, but which lower down becomes ii 
rated, This miss was about 400 yards in length, and about^ 
yardsat its greatest breadth. It extends from north-east 10 s< 
west, dying out at the extremities. It forms thus u 

3 s, accumulated in the bedding of the strata. It rises in pLu 
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ivc the soil, so that pro- 
bably it was only a portion 
of a much larger mass, the 
upper part of which had 
been denuded. The greater 
part of the rnass was free 
from an admixture of other 
minerals, but in places 
there occurred fluor spars 
of a deep violet colour, and 
the cavities and Assures 
contained a reddish grey 
plastic day. Through the 
kindness of M. Vital, of 
Rodez, Aveyron, Govern- 
ment Inspector o/Mines for 
that district, I am able to 
give a plan of the workings 
on the two lodes or deposits, 
tig. 74, and also a detailed 
description by him of each 
lode as occurring about the 
year 1857. The lodes are 
still worked. 

'The lodes explored in 
the neighbourhood of Ro- 
man&che are three in num- 
ber—the great vein, the 
little vein, and the mass sub- 
ordinate to the great vein. 

' The Great Vein has an 
easterly direction, north 
10° east, and dips to the 
east at an angle of about 
70^; it is situated upon the 
border of a mass of greatly 
decomposed granite. To 
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I 



the south it distinctly penetrates the granite and ramifies, 
the north it is lost in a great network which penetrates tl 
oolitic limestones in contact with the granite. Between ihei 
Iwo extremities its length is 320 metres ^ 349 yards. 

'The Litllt Vein branches out from the great vein at 1 
metres 3= 131 yards from its northern end. Its direction is 
north 35° east, and its dip is from 70'' to 73° to the east. It 
is imbedded in the granite and has been followed about 530 
metres = 577 yards towards the south. 

' The veins consist of manganese oxide, barytiferous hydrale 
( p rib m elan e), quartz, fluor spar, sulphate of barytes, and oxide ,_ 
of iron. These minerals are mixed together in all proportioi 
and the mixture forms the mineral matter of the lodes. 

' The thickness of the Great Vein varies in the regular p 
from I'so m. to 2 m. = 4 ft. 10 in. to 6 ft. 6 in., and that of 
the Little Vein from 3 ft. 3 in. to 4 ft. to in. 

'The portions near the junctions of the lodes were the n 
mineralised, and near here the Little Vein was about 6 metmf 
thick ^61 yards, close to the surface. 

' The exploratory works have been sunk about 80 t 
= 87 yards in the Little Vein, and about 36 metres = 39 yarrfs ' 
in the Great Vein. The richness of the veins seems to diminish 
in depth, and the exploratory works are concentrated in the 
neighbourhood of the levels. The raw material yields about 
40 per cent, of commercial mineral. 

'The subordinate mass to the Great Vein consists of «li 
nearly horizontal of argillaceous materials mixed with pebM _ 
of a varied nature and of mineral blocks. This stratum runs 
along the roof of the Great Vein near the surface. It has been 
followed about 100 metres = 109 yards, about 60 metres = 
62 yards wide, and 30 metres = 33 yards thick, and the raw 
material makes 75 per cent, of commercial mineral. 

'The veins were discovered in 1750 and were immediately 
worked. The mass was discovered in 1847, and since then the-^ 
principal works have been in it. 

' The works supply three qualities of minerals — the r 
65° and above, the medium 54° to 58°, and the poor 45°. 
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1 i88i the mines employed 1S2 men, with an output of 
10,870 tons French, equivalent to a value of 365.632 francs.' 

In the Cevennes manganese is found under similar minera- 
logical conditions, and the ore is characterised by being light 
and friable, and as dividing in irregular prisms. 

Manganese is also met with in what were the Departments 
of the Vosges and the Moselle, and a compact variety of grey 
ore has been produced in great quantities in the department of 
Dordogne, which has been known in cotninetce as P^rigueux 
stone. 

In the Emma lo<!e of the La Vidale mine of the Mines 
d'Asprii:res, Aveyron, I have just noticed a nice illustration 
of the dependence upon or alliance with greenstone by man- 
ganese ore. As the lode passes through ordinary Silurian slate 
rocks it contains, in addition to copper and lead, a great thick- 
ness of blende ; but in its course oi about ten yards through a 
band or dyke of greenstone the blende gives place to black 
oxide of manganese. 

America. — Manganese ores are extensively raised in the 
United States. Pyrolusite axiA Psilomelane are found at Ben- 
niiigloD, Brandon, Chittenden, Irasburg, and Monkton in 
Vermont, Conway in Maine, Plainfield in Massachusetts, 
and Salisbury and Kent in Connecticut. Wad 01 Begrasxt- 
ganese occurs at Blue Hill Biy, Dover, and elsewhere in 
Maine, and at Nelson, Gilmanlon, and Grafton, New Hamp- 
shire ; also at the mine La Motte in Missouri. Manganese spar 
is largely worked at Stony Mountain, near Winchester, New 
Hampshire. 

The sections, figs. 75 and 76, taken from Mr. Raphael 
Fumpelly's report on the iron ores of Iron Mountain and 
Pilot Knob, Missouri, illustrate the mode of the occurrence oi 
the manganese deposits of that interesdng mining region. 

These deposits ' lie in strata that are considerably higher 
up in the series than those in which the iron ore deposits 
proper occur, and they are probably of Lower Silurian age. 

1 Geolegy of Pilot Knoi and its yicinily. By Raphael Pumpelly, Uailed 
Slate* Geological Survey. 
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Underlying the deposit of fig. 75 there is a bedded I 
of fine grain which has in places the appearance of an indun 



^ J. 

Pin. 7K.— MlkKUAKESI DiPOSlI on CUTHBEinCH BiLt. 

sandstone, in others that of an altered porphyry. It o 
numerous broad and flat cavities filled with an odireous d 




Si:k)««b UdoniDi. 



The manganese in the deposit lies 
tabular masses. The analj-sis of this or 

Insoluble iilicioiu mulct 
Peroxide of iroa .... 
MinuMicM as protoude 
Mirttllic maagancse . 



exceedingly i 
; as TollnwE : — 



3-30 
W-ot 



In scclioQ fig. 76, at Butford Mounuin, which tiesw 
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ttove, we have a bedded deposit lying between decomposed 
porphyry above and below, of a pink colour, with the differ- 
ence that the ore is a manganiferous iron ore of a very supe- 
rior fjualily, and, it is said, is a remarkably fine ore for the 
manufacture o( Spiegeieism. An analysis shows it to contain — 

insoluble 8-54 

Peroiide of iton bg-jo 

I Manganese as pioloxide .... 15*84 
|l Sulpbnr 0-017 
I Pbospborous acid o-olj 
Equal to — 
MetaUiciron ...... 47-81 
Mf lallic maBganese Ii'}3 
Sulptor ... . . 0.017 
Phosphorns O-O44 
These deposits arc interesting as showing the similarity in 
^ manner of the deposition of the manganese in the anciciU 
felspathic rocks with that in which the mineral is deposits! in 
the old Tertiary clays of Nassau, Germany, and the clays above 
the Carboniferous limestone, as shown in fig. 63, 

Among the Southern States the manganese mines of Cave 
Spring, Louisiana, were lately in successful working, producing 
about 16 tons of ore a day. 

Interesting deposits of manganese occur at the 'Lucky 
Cuss ' mine, Tombstone, Arizona. The country rock is a hard 
white hmestone, in which the manganese ore bodies occur in 
'pipes' or 'chutes,' which are of great depth, but do not 
extend far horizontally. One of these is nearly round in shape, 
10 to 12 feet diameter. Another is a flat, oval-shaped mass, 
40 feet long by 3 broad. Another is of the same breadth but 
longer. Some of these ore bodies have been followed to a 
depth of 100 feet without any signs of diminution in size. The 
ore is a rich oxideof manganese, containing about 10 per cent. 
of silica and 25 ounces of silver to the ton of ore. Small 
bunches of galena occur here and there throughout the masses, 
and these contain up to 200 ounces of silver to the ton of ore. 
Usually the more silica the manganese contains the richer it i:i 
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in silver, atlhough an occasional mixture of mangaaese i 
lime spar shows a higher percentage. About aa,ooo Ions of 
ore had, up to May, i88j, been obtained from ihe reiine at a 
cost of $io a ton, the cost getting lower as preparatory work 
becomes finished. 

Small shipments have also been tnade from Canada. The 
Queen manganese mine of New Brunswick shipping in May, 
i8Si, a cargo of 105 tons. 

From the foregoing particulars it will be seen that origin- 
ally manganese was largely disseminated throughout the older 
rocks, into ihe cracks and veins of which it was subsequently 
gathered. That, as occurring in veins and lodes, it is not usually 
in sufficient quantity to pay for working. At a more recent 
period it seems to have been deposited contemporaneously 
with the strata, particularly in strata of a sandy nature and in 
the vicinity of porphyritic and felspathic rocks. The more 
recent deposits in Tertiary clays are derived from the denuda- 
tions of these older strata. It will also be seen that from the 
irregular nature of the deposits the mining must be of the 
cheapest character and the machinery of the most lempor&iy 
nature compatible with safety. 



CHAPTER XIX. 

CLASSIFIED LIST OF MINERAL SUBSTANCES. 

Purposes of the Chapter — Abbre^4ation3 — List of Simple Elements. 
divided into Metallic and Noo-metallic — Farther divided into Seven 
Classes— Oiygen — Enumeration of Classc* with Included Substances 
—Table of Strata— Conclusion. 

The following list of minerals occurring in nature is intended 
chiefly to show the position occupied by those minerals which 
are described in this volume, and in that of Afetalli/ervus 
Minerals and Mining. As far as possible the chemical com- 
position of each mineral is given or indicated. It need hardly 
be said that differences of opinion exist as to the precise order 
or succession in which mineral substances should be placed, 
depending upon an author's preference for one or another 
mode of grouping, according to chemical composition, or 
affinities, or upon crystallisation, or upon the behaviour of the 
various minerals under treatment. In the following list I have 
followed as nearly as I could the arrangement of Dana. The 
abbreviations used are : — H. hardness ; E. M., Earthy Minerals 
ami Mining; M. M., Metallijeroui Minerals and Mining. The 
whole of the materials of which, as far as we know, the crust 
of the earth is formed, is reducible to the sixty-four elementary 
substances enumerated in the following list; — 

List of ELEMEUiAsy Substances with the Abbrbviations bt 
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Calcmm . 


. 1,5. 

. Ca. 


Lithium . 


L. 


Silver 


CarbOT. . 


. C. 


Magnesium 


Mg. 


SUiEon . 




. Ce. 


Manginese 


Mn. 


Sodium 


Chlorine . 


. CI. 


Mercury 


Hk- 


Strontium 


Chromium 


. Cr. 




Mu. 


Sulpbur . 


Cobitt . . 


. Co. 


NlCKBI. . 


Ni. 


Tantalum . 


COFFEK . 


. Ca. 


Niobium . 


Nb. 


Tellurium 


Didymium 


. D. 


Nitrogen . 


N. 


Thallium . 


Erbium 


. E. 


Osmium . 


Os. 


Thoiium . 


FluoniiG . 


. F. 


Oiygen . 


0. 


Tin . . 


GalUum . 


. G. 


Palladium 


Pd. 


Titanium . 


Gold . , 


. Au. 




I'. 


Tungsten . 


HydrogcD . 


. H. 


Platinum 


PI. 


Uranium . 


Indium . 


. In. 


Polatsium 


K. 


Vanadium 


Iodine. . 


. 1. 


Rhodium , 


Rh. 


Yltriom . 


iKIDtUU . 


. ir. 


Rubidium . 


Rh. 


ZIMC . . 


Irom . . 


. Fe. 




Ru. 




L^Dtftimm 


. La. 









I 



These elements are broadly divided into metallic and lU 
metallic, the latter being fifteen in number, and the wb 
of them may be conveniently divided into the seven claa 
described in this chapter. It will be noticed that many 
these elementary substances are very rare, and, so far, of rat 
interest scientifically than commercially, ihe most abunt 
elements being silicon, oxygen, lime, magnesia, sul; 
with others described in tliis volume. Of oxygen, as it di 
not find a place among the gases occurring native, Class 
it may be well to say a few words here, unless inde 
from the correspondence it bears to sulphur in the » 
in which both these minerals combine with certain others, we 
place it in the same class as sulphur. It has a general relation 
to the whole of the other elements, all of them, excepting fluo- 
rine, combining with it to form oxides. Oxygen was discovered 
almost simultaneously, but independently, by Priestley and 
Scheele, Priestley in 1774 and Scheele in 1775. In J77S 
Lavoisier described the position occupied by oxygen in 
the atmosphere, and showed the changes that took place 
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K^en bodies burn in the air. He gave it the name 
of oxygen, from oxui, acid, and gennao, I generate, 
with reference to its property of forming acids in uniting 
with other elementary bodies. Combined with these, it is 
the most extensively diffused and abundant substance in 
nature, forming part of the atmosphere, of water, and of nearly 
all the substances of which the globe is composed. Its dis- 
covery is also taken as the date of the origin of true chemical 
science and theory. It may be obtained from the atmosphere 
as well as from other substances, but the material most used 
in its manufacture is the black oxide of manganese (page 2S7). 
Oxygen gas is without colour, smell, or taste. It is heavier 
ihanair; the latter being i,ooo, oxygen is 1,103 '6. It is essential 
to life and combustion, and combustion takes place with greater 
brilliancy and swiftness where it is present in excess. 

The degree of hardness assigned to the various minerals 
by the figures used in the description given of them will be 
^uiderstood bya reference to the following scale: — 



[. Talc. 

I. Rock Sail. 

3. Culcareous S|iat 

4. Fluor Spar. 



6. Aiiularix Febpar. 

7. Rotk CrysUl. 

S. Fri«mulic Topaz, 
9. Corundum. 
10. Diamond. 



Il will be noticed in the perusal of the following list and of 
; detailed description of substances given in this and the 
|umc on metallilerous minerals, how recently, comparatively 
paking, the true nature of many of ihem has been discovered ; 
t, notwithstanding the rapid progress which the sciences of 
jemistry and mineralogy have made during the last hundred 
d fifty years, they may still be taken, if not in their infancy. 
§ least in a state of growth and progression. 

CLASS L— GASES, 
c gases are divided into— 
I. Those consisting of or containing nitrogen, atmospheric 
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2. Those consisting of or containing hydrogen, carburetm 
hydrogen, phosphuretted hydrogen. 

3. Those consisting of or conlaining carbon or sulphnJ 
carbonic acid, sulphurous acid. 

Atmospheric Air. — Composition : oxygen 11 percent. 1 
weight, and nitrogen 79 percent.,with a small quantity orcarboiH 
acid. About 815 times lighter than water. Essential to life, ' 
oxygen consumed by the breathing of animals and consumptiorf" 
of fuel is given back by vegetation. Pressure, about 15 lbs. 
to the square inch. Encircles the earlh to a height of about 
45 miles above the sea. 

Nitrogen. — A colourless gas, without taste or snieil, 
lighter than air, as air being i, its specific gravity is 0*972. 
destructive to life, not by poisoning, but by suffocation. 
does not combine readily with other substances, but it can 
made to combine with oxygen and with hydrogen, Wl 
combined with the latter it forms ammonia. It may be piJ 
pared by passing air over red-hot copper, or by passing I 
current of chlorine through strong solutions of ammoni 
.Mihough of itself unable to support life or combustion, 1 
forms a large proportion of the air we breathe. It is f 
given off from various warm mineral springs. 

Carburetted Hydrogen, — Hydrogen does not exist t 
combined in nature. Carburelteil Hydrogen consists of carbt 
75 and hydrogen aj. It is nearly identical with the | 
in ordinary use for lighling purposes, and it issues freely, i 
as is too well known, with terrific results, from coal seams. 

Phosphuretted Hydrogen. — Composition : phosphoi 
9i'29, and hydrogen 871. Supposed to be the same 
luminous matter seen hovering over bogs and marshes. 

Si'LPHURETTED Hvi)R(KiEN. — Composition ; sulphur 94.^ 
hydrogen 5-8; of a putrid taste and smell. Common abt 
sulphur springs and volcanoes. 

Muriatic Acid, Hydrochloric Acid. — Compositioi 
chlorine 97'26, hydrogen 2'74. Largely made for mam 
faciuring purposes. Is pungent in smell, and acrid to tig 
skin. 
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E WATER. 

CLASS U.— WATER, 
fas first shown by Cavendish, in 1781, to be the 
lie combustion of hydrogen and oxygen. Humboldt 
and Gay-Lussac afterwards demonstrated that the two gases 
unite strictly in the proportion of two volumes of hydrogen to 
one of oxygen, and that the water produced by their com- 
binations when in a slate of vapour occupies two volumes. A 
series of experiments subsequently established the proportions 
by weight as hydrogen one part, and oxygen eight parts. 
Specific gravity i. At 32° it Ireezes, and as ice its specific 
gravity is lighter, being o'()i6. In this form it assumes 
a blue or greenish colour. It crystallises in a rhoraboidal 
form. As snow it crystallises in a variety of combinations. Its 
density is greatest at 39'i, and at temperatures below this it 
expands. It boils at 2ii°, but its exact boiling-point is 
varied according to its degree of purity and the nature of the 
substances held in solution. It contains various proportions 
of atmospheric air, in which the proportion of oxygen is higher 
than in the air itself. In sea-water, there are solid substances 
amounting from 31 to 37 parts to 1,000. Of these, usually more 
than one-half is common salt, and four-fifths of the remainder 
niagneM:tn salts, with sulphate and carbonate of lime, and 
traces of bromides, iodides, phosphates, and fluorides. These 
are most abundant in the Atlantic, and least in the Baltic Sea. 
An analysis of the water of the British Channel gives to 1,000 
parts : water 964"7, chloride of sodium 27'!, chloride of 
potassium 08, chloride of magnesium 37, sulphate of mag- 
nesia 2-30, sulphate of !ime 1-4, carbonate of lime 0-03, with 

^.tiaces of the other minerals mentioned above. For oiher 

^^nalyses of sea-water, see pp. 83, 90, 91. 

^B CLASS in.— EARTHY MINERALS. 

^H* 1. S11.ICA and its varieties. See pp. 3 — 15. 

^^ft 2. Lime and its varieties. See pp. 31— 35. 

^^1 3. Magnesia and its varieties. See pp. 24—28. 

^^1 4. Ai.uMiNA and its combinations. See pp. 16—24. 
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5. GLfciNA and ils combinaiions. See p. 35. 

6. Zercoma and its combinations. See p. 36. 

7. Thoria. See p. 36. 
Uervllium, probably identical with glut 



CLASS IV.— CARBON AND COMPOUNDS OF CARBON. 
For the description of carbon and its combination! 
iamond, graphite, jet, amber, bitumen, petroleum, &c., 
. 1S3. 



CLASS v.— SULPHUR. 



See p. 232. 



Selenium, — Selenium is allied to sulphur, and 1 
seen how it is present, together with that mineral, in several ' 
bodies. It was discovered by Berzelius in the year 1817, in 
the sulphur of the copper mine of Falun, which was employed 
in a sulphuric acid manufactory in Sweden. It is one of the 
rarest elements, but it occurs in minute quantities in several of 
the ores of copper, lead, silver, bismuth, tellurium, and gold ; 
found in Norway and Sweden, and also in the mines of the 
Hartz in Germany, as well as in the Sipan Islands. The pro- 
cess by which it is separated from its combinations with other 
substances is a very comphcated one. It is, or was, extracted 
from a seleniferous ore of silver Jn Norway, and sold in li 
cylinders about three inches long, of the thickness of a g 
quill. 

CLASS VI.— HALOID M1NERAI.S. 

(Cmnpounds of the taiihs and aikaiUs), with noltces of m 
of their meialiic bases. 

Ammonia. — Ammonia takes its name from Ammonia in 
Libya, where a salt was exti acted, named after the region sal 
ammoniac, and from which ammonia has usually been obtained. 
In a Slate of purity ammonia is a gas, of which the liquor is a 
solution in water, Ammonia is produced by the destructive 
distillation of organic matters containing nitrogen. For, as wc 
have already seen, it is a combination of nitrogen and hydroge 
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' Sit/ Ammoniiie. — Composilion : ammonia 33'7, chlorine 
66"3. Form erly obtained largely in AfKca from soot of the fires 
made from the dung of camels ; obtained also from bones ami 
hoofs and horns, and latterly from the ammoniacsl liquor 
obtained in the making of coal gas. It has varieties — 

Mascagninf, Sulphate of Ammonia. — Composition : sul- 
phuric acid S3'3i ammonia az'S, water 23-9 ; yellowish grey or 
lemon yellow colour. 

Phosphate of Ammonia, found in guano. 

StruTite, a phosphate of ammonia and magnesia. 

Potash or Potassa, Compounds of PoTASsit;M, — 
Potassium, one of the simple elements, produced from potasli, 
in 1807, by Sir Humphrey Davy. It has, when fir^t pro- 
duced, a white colour with a shade of blue. It is solid at 
an ordinary temperature, but yields like wax under pressure. 
It oxidises immediately on exposure to the air, and soon loses 
its colour, and is covered with a dull (ilm of oxide. It is 
brittle at 32", and at this temperature has crystallised in cubes ; 
at 70° it is semi-fluid, and becomes liquid at 150°. It can be 
distilled at a low red-heat, when it forms a green- coloured 
vapour. At 60° its specific gravity is ■0863. It appears to 
have, of all bodies, the greatest afiinity for oxygen. Exposed 
in thin slices to the atmosphere it passes into a white mailer, 
which is the protoxide of potassium, or PoTAsa. 

Nitre, Nitrate of Potash, Saltpetre, — Composition: potash 
46-56, nitric acid 53"44. Occurs in India, and appears, as an 
efflorescence from the soil in Egypt and Spain, where consider- 
able quantities are collected. It is artificially produced in 
various European countries in nitriaries, or nitre-beds, from 
the decomposition of the nitrates of lime and magnesia, which 
arc common in the neighbourhood of the beds, and also from 
refuse animal and vegetable matter. 

Chloride of Potoisium, ^yivnf.— Occurs with salt at Salz- 
burg. 

Rubidium, Cksiom. — Tliese two melals resemble each 
other and potassium so closely that prior to the year i860 — i, 
they were mistaken for that metal. About the lime stated 
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ihey were discovered by Bunsen and Kirchhoff, by means of 
spectrum analysis. They were first detected in ihe water of 
Durkheim, but subsequently they were found in many springs 
and micaceous and in other of the older rocks. Rubidium is 
a while metal, which rapidly oxidises and gives off 
vapour. Both together they are separated from potassiunii^ 
cjesium being subsequently separated from rubidium. 

Soda. — Soda is a combination of sodium (see p. 6i) with 
hydrogen and oxygen. It comprises the following sails, which 
are all more or less soluble, in which they differ from those of 
potash. H. under 3 ; specific gravity under a-g. 

Sull>haU of Soda, Glauber Salt. — Composition: soda i9'3, 
sulphuric acid z4'S, water 55*9. White to yellowish white; 
taste, saline and bitter. Differs from Epsom salts in its coarser 
crystals and yellow colour under the blow-pipe. Occurs in a 
cave on Hawaii, one of the Sandwich Islands, and is prepared 
from sea-water. First discovered by a German chemist named 
Glauber. 

NilraU of Soda. Seep. 100. 

Natron, carbonate of soda. — Composition: soda 
carbonic acid 15-4, and water 6-38; but usually mixed 
chloride of sodium, and other salts. Occurs in Egypt in 
soda lakes, and in the valley of Bahr-bela-ma, thirty 
of the Delta. A variety named Trona occurs between Tripoli 
and Fezzan, in Africa, where it forms a thin layer under the soil, 
which yields several hundred tons yearly. Is also found in 
saline lakes associated with common salt. 

Chloride of Sodium, common salt. See p. 61. 

Borate of Soda, Borax. Seep. loz. 

LiTHiA. — Is a rare alkaline oxide, whose metallic bj 
Lithium, was discovered by Arfwedson in the year 
metal was obtained by Sir Humphrey Davy by the voll 
decomposition of liihia. It is white, resembling sodium, 
is very osidisable. 

Earvta. — For Barium, Baryta, and their combinati< 
seep. 103. 

STRONriA. — Stronliiim is one of tlie simple elements. 
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I. is a white metal, denser than oil of vitriol. It resembles 
barium ; it has not a high lustre, is fusible with difficulty, and 
is not volatile. It was first obtained fay Sir Humphrey Davy 
in iSoS. By exposure to the air, or by contact with water, 
it is changed to Strontia, which consists of — 



Slcontium <<4.'S4 
Oiygca 15-46 






B Sironiia derives its name fromStroniian, a miningvillage of 
Argyllshire. It is not abundant in nature. 

Sulphate of Strontia, CaVx/zn^.— Composition : strontian 
56'4, sulphuric acid 43-6. H. 3- to 3'5. Specific gravity 4, 
Brittle, columnar, crystallises in rhombic prisms, clear white, 
with a tinge of blue. Used in the manufacture of fireworks for 
producing a red colour. 

Carbonate of Strontia, Strontianile. — Composition; strontia 
702, carbonic acid 29"S. H. 35 to 4, Specific gravity 3-6 to 
3'7». Greenish white, grey, and yellowish brown. First dis- 
tinguished from carbonate of barytes in 1790 by Dr. Crawford. 
Occurs at Strontian in starlike and fibrous groups, associated 
with galena. Also used in the manufacture of fireworks. 

LtME. — See p. 31 and p. 109 ei uq., apatite or phosphate 
of lime. 

Magnesia Salts, — Sulphate of Magimia, Epsom Salts. — 
Composition: magnesia i6-3, sulphuric acid 3a"5, water 50" i. 
Occurs in fibrous crusts or botryoidal masses of a while colour, 
also in fine small rhombic crystals. Found at Epsom in Surrey, 
at Seidlitz, and various places in Europe ; in the Cordilleras of 
Chili, also in South Africa. 

Magnesilt, Carbonate of Magnesia. — Composition : magnesia 
47*6, carbonic acid 47'6. Occurs in fibrous plates and in 
minute acicular crystals of a white, yellow, or grey colour. 
Found in magnesian limestones, and used sometimes for the 
manufacture of sulphate of magnesia. 

Brucite. — Composition : magnesia 6g-o, water 3ro. After 
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exposure it ofien contains carbonic add. Colourless to grey 
white. Translucent, pearly, soluble in acids. 

NcmeliU is a fine fibrous variety with a silky lustre. 
position : magnesia 6i'o, protoxide of iron 4'6, water 18*4, 1 
bonic acid 4'i. Resembles asbestos. 

Boradte, Borate 0/ Magnesia. — Composition : magnesia 30 'o, 
boracic acid y'o. White or grey colour, with a vitreous lustre. 
H, =7. Specific gravity s'g;. Occurs with gypsum and coi 
nion salt. Other minor varieties are — 

Nitrate of Magnesia. — Occurs in limestone c 
ciated with nitrate of lime. 

Polyhalitt, brick-red in colour, composed of sulphates \ 
lime, potash, and magnesia, with water. 

Jihodisite, like boracite, but tinges the blow-pipe flame ti 
Found in Siberia with red tourmaline. 

Wagnerite. — Composition: phosphoric acid 43'3a, fluori 
ii"35, magnesia 37"64, and 7^69 magnesium, varied with 3"! 
4'5 iron peroxide, and i to 4 lime. 

See also p. 24, el seg. 

Alumina, Salts of. — i. Native Alum. 

2. Alunite, alum stone.— Composition : alumina 37"i, » 
phuric acid jS^S, potash 1 1, w.iter 13. Colour white, grej 
or reddish, vitreous lustre. Crystals rhombohedral, 
parent to translucent. W. = 4. Specific gravity 2-58- 
A variety found in Hungary is hard enough for the manufactoJ 
of millstones, 

ff^^i'/rriy^, another form of sulphate of alumina, also c 
alumnite. 

Wavellite. — Composition: alumina 33'^, phosphoric ; 
34-9, water 26'6, fluoride of aluminium 4'6. Occurs ii 
half-round masses adhering to surface of rocks, of a white \ 
yellowish or brown colour, with a pearly lustre. MscMtr^m 
closely allied ; has a dull green colour. 

Turquoise. — Composition : alumina 44'5, phosphoric «oS 
30'9, oxide of copper 37, protoxide of iron I'S, water 19'. 
Occurs in reniform masses ; colour bluish green, with a waxy 
lustre. H. = 6. Specific gravity 2-6—3. Found in a mom 
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^tlinoiis district near Nicliabour in Persia ; said to occur in 
veins which traverse the mountains. Receives a fine poliih, 
and is much valued as a gem. 

Hydrate of Alumina, GibbsiU. — Composition : alumina 
65'6, water 34"4, with traces of phosphoric acid. Is soller 
than chalcedony, which it resembles. Other varieties are — 
Ambly^onite. — Composition : phosphoric acid, alumina, and 
lUtbia. 

H Childrenile. — Composition: phosphoric acid, alumina, and 
Bmter. 
* Chiolite resembles cryolite. 

Cryoliu occurs in snow-white masses, melts in the flame of 
a candle ; is a lluoride of aluminium and sodium, is quarried 
lo a considerable extent in Greenland, and is used as an ore 
of aluminium. 

Diasport, or dihydrate of alumina. Found in granular 
limestone in the Ural Mountains, where it occurs in irregular 
lamellar prisms with a fine cleavage. 

Flueilite. — Composition : fluorine and aluminium. Occurs 
in the mines of Comwali in minute forms. 

Lasulite. — Composition : alumina 357, m^nesia 9-3, silica 

Pjrii protoxide of iron 26, and water 6i. Occurs in compact 
trusses, and occasionally in oblique crystals of a fine azure 
blue colour, nearly opaque, with a vitreous lustre. Found in 
clay-slate al Salzburg, and elsewhere, 

Mellite, or honey stone, has a resinous appearance, of a 
honey yellow, and may be cut with a knife. Composition ; 
alumina i4"32, mellic acid 4o"53, and water 45T5. A rare 
mineral, found in Bohemia, Thuringia, and Moravia. 

Associated with the haloid minerals just enumerated are 
the elements Chix)R1nk, Bromine, Iodine, and Fluorine. I 
have referred to chlorine at p. 61, and fluorine at p. 106, of 
this volume. 

Bromine, — Was first observed in the year i8i6 by M. 
Balard, of Montpellier. Its name is significant of its bad and 
disagreeable smell. It is found in very small proportions in 
sea-water, in the form of bromilc of sodium or magnesium ; 
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water of the Dead Sea, and in saline springs 
generally. The principal source whence bromine, as an article 
of coromerce, is derived, is the wells of TheoJorshall, near 
Kreuznach, Germany. It is closely allied tu chlorine in many 
of the properties of the latter. 

Iodine. — M. Courtois, of Paris, in preparing carbonate of 
soda from kelp, discovered this substance in the year 1811. 
lis chemical properties were subsequently made known by 
Clement, Davy, and Gay-Lussac, and it has formed a valuable 
contribution to medical or surgical resources. It is found in 
sea'water, but more abundantly in seaweed and sea plantt. 
generally. It has also been obtained Irom an ore of silver 
Albaradon, in Mexico. 
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CLASS Vn.— METALS AND METALUFEROUS MINE 



Cerium. — This name 
and Berzelius from Ceres, 
is it used in the arts. ] 
near the celebrated mine; 



vas given to the metal by H 
It is not an abundant metal, i 
; is found in a number of mina 
of Falun, in Sweden. It has b 



obtained as a powdery mass of a dark chocolale brown C 
which gave a grey metallic trace under the burnisher. 

Yttrium. — Is only known to exist with oxygen in Yti 
an earth discovered in 1794 by Professor Gadoline, ; 
Ytterby, in Sweden. Yttria is white in colour, but g 
tinged by the presence of manganese. It is insoluble in ¥ 
and infusible, except at a great heat. When dissolvedl 
muriatic acid it gives out chlorine gas, which fact is take 
shewing one property of a metallic oxide. 

Lantanum. — The oxide of this metal was discovered a 
fifty years since in the ceriie of Bastnas in Sweden, by Uosac 
and said to form two-fifths of the oxide of cerium, which, t 
ordinary process, is extracted from that metal. The a 
tion of the new metal alters but little the properties of c 
and it lies, so to speak, concealed in that mineral, and i 
this circumstance that led M. Mosander to give it then 
lantanum. 
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Tantalum. — This tnetal appears to have been first dis- 
covered in the year i8oi,inab!ack-coloured mineral belonging 
to the Sritish Museum, which was supposed to have been brought 
(rom Massachusetts, and which had been named Columbian. 
In the following year M. Ekeberg found a new metal, which he 
named tantalum, to two Swedish minerals which he named 
Tantalite and YttrotantalUe. Ekeberg gave the name tantalum 
to the new metal on account of the insolubility of its oxide in 
acids, in allusion to the legend or fable of Tantalus. The 
mineral was found to be identical with that of the British Museum 
named Columbian. Berzelius obtained tantalum in the form of 
a black powder which could be washed and dried, and which 
gave an iron-grey metallic lustre under the burnisher. It 
burned in the air below a red heat, and yielded Tantnlic Acid, 
in which state it is present in several minerals, especially iron 
and manganese. 

The above four metals are of little or no use in the arts, 
and are chiefly interesting in a scientific point of view. 
Although found in minerals in other countries, notably North 
America, \x will be seen that they occur chiefly in Sweden, where 
their nature seems to have been first accurately ascertained. 
They seem to be intimately associated one with the other, and 
altogether with other minerals, in which combinations the 
following varieties have been observed. 

YrrRoCERiTE. — Composition : oxide of cerium i8'a, yttria 
9-1, fluoric acid 25-1, and lime 47'6. It occurs in a massive 
form of a violet blue colour, ranging to grey and white. H.= 
4—5- Specific gravity 3'4— 3"5- It is found in Finbo and 
Brodbo, near Falun, in Sweden, and in Massachusetts and New 
York, United States of America. Its varities are — 



resinous. From Fiabo, Sweden. 
Composition: lanUnum oxide 52'9, carbonic Bcid ifr, 
water 26. While or yellowish ; granutar, earthy, and 
in small [Bbul.ii ciyslats. Bastnaes In Sweden, and 
Sehigh in Pennsylvania. 
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(Composition: protoxide o( ceriam bot), Mrbonic aai' * 
13-6, fiaoiide of calcium tl'Sl, water z-4, with Una- 
nam and didymium. Brownish yellow 10 red. Found 
in the emerald mines or the Muii&o valley in New 
Granada. 

MoNAZiTi. — Composition ; cerium protoxide is'o to 37-0, 
lanthanium oxide 23*0 to 27*0 (tS thorina), phosphoric add z8, 
tin oxide 2, lime i"5, with small portions of manganese and 
magnesia. Flesh red to reddish brown, with a vitreous lustre. 
H.:=5. Specific gravity=4-8— s'l- Resembles sphene, an ore 
of titanum, but is distinguished by its brilliant, easy, transverse 
cleavage. Found at Miask, in the Urals, and in Connecticut 
and New York States, in North America. 

CRvrroLlTE, which is a combination of phosphorus with 
the oxide of cerium, occurs in minute six-sided prisms, in con- 
nection with the apatite deposits of Norway described id 
Chapter Vll. 

Allanite. — Composition : variable, but usually containing 
silica 30'o to 35'o, alumina and iron peroxide 12*0 to iS'o, 
protoxides of cerium 11 to 24, lanthanium 2'o to 80, iron 4-0 
■ to ii'o, manganese o' to 3-5, lime a- to iz'o, yltria o'3 to 40, 
and magnesia o'4 to ya. In colour black or brown, with an 
imperfect metallic lustre and a green or greenish-grey streak. 
H.= 6. Specific gravity 32 to yj. Found in Greenland, 
Norway, Sweden, the Urals, and in various localities of the 
United States of America. Its allied minerals or varities are— 



iAn ore of ceiium resembliog orthite. From Bod 
Saxony. 
I Consi.'its of silica and alumina, with the oxides of it 
I cerium, lantauum, and also lime. 

i Composition : protoxide of cerium with didjmiiut 
lantanum ;i'a, silica 11, water b, with jion p 

. Similar in composition, bnt occurring in acicular ci 

I An impute orthite containing carbon, and vrill t 
' I hence its name, pyr, fite, and oithite. 

These varieties are found in the same localitJB^ 
allanite. 



Sadrnile 



Orlhili . 
PyrorthiU 
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^ PvaoCHLORE.— Composition : very complex. Analyses 
of the mineral from Miask in Russia, gave niobic actd mixed 
with titanic and tungstic acid 6j'ci to 67 o, lime lo'o to lyo, 
oxide of cerium and thoria 6'o 10 i3'o, fluoride of sodium yo. 
In a sample from Norway, yttria, iron, zirconia, lithia and 
uranium occur. Found near Brevik and Fredericks varn, 
Norway, and near Chesterfield in Massachusetts. Minor 
varieties of the foregoing combinations of cerium, yttrium, lan- 
tJnuni and tantalum with each other, and with other minerals, 
,ire the following ; — 

.Fy^kynile . .\-'^ combination o( (ilinium with rirconia and ceriam, in 
t brown and black cryslals, Miask, iu the Urab. 
I A columbale of yttria with lilanic acid and oiide of 

Jtuxfnili . - . uranium ; brovnbsh black with reddish streak ; occuis 
' in splinters. Arendal in Notway. 

i Similar in composition to euxenite, but erystalhsing in 
secondaries to a square prism. Cape Farewell, Green- 
land. 

; varied ; nsually jtlria jS'O to 51*0, silica 

lo iq'O, protoxide of cenum with lantanum 

S'O to I7'0, glucina 0-0 to I2'0, piotoiide of iron loo 

i to 15. Black with greenish grey streak; vitreous. 

\ Ktagero in Norway, and Fiobo and Ytteiby, Sweden, 

iLikc the next following, polymignilc ; black, massive, 
and in thin linear crystals ; occurs with ortbite. Hil- 
tero in Norway, 
y Composition : protoxide of cerium 5' 00, yttria ii*so, 
zirconia I4'i4. peioxide of iioa ti-to, peroxide of 
I manganese J*70, lime 4-10, titanic acid 46-30. Occurs 
in long prismatic crystLds, tiroad and striated vertically. 
Iron black, dark brown streak, serai -metallic appcai- 
ance. Fredeticksvarn in Norway. 
Contains about 58 per cent, of titanic acid with 10 per 
cent, of lime, with portions of cerium and yttrium. Is 
found in tiie gold mines of Rutherford County, NX., 
United States of America. 
Composition: niobic acid s6'0, protoxide of iron 1 5-0 to 
l6'0, oxide or uranium 14 to i/'O, yttria with lime and 
{ magnesia S*o to ii-o. Velvet black iu colour, with a 
I strong metallic appearance. Ilmen Mountains, Siiieria. 
1 Similar to Gadolinite. Velvet black ; a silico-lilanate of 
I cerium. Ilmen Aluun tains. 
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(Composition: yttiia fiz-Si, phosphoric adil 37't8, imH 
3'3g phosphalcoriton, and traces of Huoric acid. Cijj^^ 
(allises in square prisms ; yellowish brown, IJndajM 
naes and Ililtero in Norway, and Ytterby b SwedOM 
also in Geotgia, United States of Amend. ^t 

i Composition ; Untalic acid 57-9 to 60-0, ungsdc >dn 
i-oloS-o, ytlria 2O-0 to 3S-0, lime o' S "> ^o> o^i^Wn 
peroxide o'5 to 6'0, and peroxide of iion O'J to 3']jfl 
Occun in indistinct tour oc six-sided primu, and alifn 

-" ) in E"ir.s and bmellK ; in thin splinters t«iiilu«n»l| 

has Ibiee varieties in colour ; dark or brown, yellOlfl 

or fcUowish grey, and block. Is found at YllerbT fcM 

Sweden. fl 

Uranium. — This is a rare metal in nature. It is of a stfldfl 

white colour, and in dry air it does not oxidise on exposure ifl 

ordinary temperatures. It is derived from PUchMende aajB 

Uraniit. Ii is used in glass-making, the utanous oxide iilH 

parting a (ine black and the uranic oxide a beautirul yellow tS 

the glass. In enamelling they yield a (ine orange colotnS 

Compounds of uranium are now also used in photogTapb||fl 

We have also seen how its oxides enter into the composittttQ 

of the minerals just described. As just stated its ores arc — 

PiTcHDLENDE. — Composition; protoperoxide of uraniiiti- 
S4-78 and oxygen ij-ja, but varied by proportions of lead, in.i;: 
nesia, iron, arsenic, silica, with occasionally vanadium ami 
selenium. Colour, grey brown to velvet black, with a dnj" 
or sub-metallic lustre, H. ^■^. Specific gravity 6-47. 
solves slowly when powdered in nitric acid. Found in t 
tin mines of Cornwall, in the lead and silver mines of £ 
birge, also in Connecticut, United States of America. 
varieties are — 
r ,, [ Resembling pitchblende, found Dear the juncttoa 1 

' I Inp and syenite on the north short of Lake Supi ' 
pj- -, I An ore of similar description, but containing i<^ | 

. A pctojtide of nnintuni of > light yellow oolont, * 
Uranic oc/in -■ powdered; ooociaced Willi pktcbMendc u Uie lo 

( nuned. 

UitANiTE, Uran Mica. — Composition: peroxide of u 
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62'6, phosphoric acid 15-5, lirae 6-a, water 15-7 ; bright yellow 
to green, with a pale yellow streak. Occurs in short square 
prisms. H.^ z, I'j. Specific gravity 3 — 3-6. Fine examples 
of green crysialline forms occur in Cornwall. Found also 
in the mines of the Er^ebirge and near AutuD and Limoges, 
France. Its varieties are — 

' ., ... ) A sulphateofuranioni of an emerald erecn colour. 

Satinir]Hlt,ai!ka I Compoiiuon : oxide of ursnium 14-0 to 17-0, yitria with 
cilleii Uran- \ lime aod niagnaia So to iro, protoxide of iron 
UnMlt/t and i 15 lo 16, oiobic acid ;6, willi poitions of lime and 
yifraJlmenite \ magnesii. See also p. jlj. 

Titanium. — In a metallic state sometimes found as small 
cubic crystals, of a bright copper colour, adhering to the slag 
of iron furnaces. Their density is 5'3 and they are harder than 
quartz. As a metal, it was discovered by McGregor of Corn- 
wall in (he year 1 791. It was afterwards observed by Klaprolh, 
who gave it the name of titanium. In nature it occurs in com- 
bination with oxygen, and so combined its ores are with dif- 
ficulty fusible before the blow-pipe. The ores are — 

Rtrrii-E.^Composition, titanium 61 'o, oxygen 39, some- 
times containing a htUe iron, when it has been called JVi^rinr. 
Of a reddish brown to red colour. Occurs in eight, ten, and 
twelve sided prisms. H.— 6 — 6-5. Specific gravity 4*15 to 
4-25. Is largely associated with the apatite deposits of Norway 
in gneissic rocks (Chapter VII.), with specular iron at the 
Grisotis. Found also at Yriex in France, the Urals, Brazil, 
Scotland, and the United Stales of America, sometimes beauti- 
fully associated with quartz, p. 7. Used in colouring porcelain. 
Its varieties are — 

j- Same composition as nititc. Occurs io slender octa- 
' ' I hedrons of a brown colour, and nearly Ininsparent. 

, Same composition as lalile, but with 14 to I'J of perox- 
„ ., J ideof iron. Occurs in thin brown haii-lilte ciysuU ; 

' I said to be fonnd near Snowdon and IVcmadoc, North 
H ' Wales. 
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Spbene. — Composilion: titanic add 40'4, silica 31*3, lime 
28'3, with o- to S* of protoxide of iron in the darker varieties ; 
brown, yellow, green, opaque to semi-transparent, with resinous 
or adamantine lustre. H. = g — 5"4. Specific gravity, 3-2 — 3-6. 
Occurs in crystals from a quarter of an inch to two inches long in 
granitic gneiss, mica, syenite, or granular limestone. Found in 
several localities in Scotland, Norway, Sweden. Saxony, Russia, 
France and America. The name is taken from the Greek 
sphm, wedge, in allusion to the shape of the crystals. Its 



IConlsiuing much protoxide at mangaoese, and of n flesh 
red colour. S(. Marcc] in Fiediaont. 
/ CompoiiitiDn : tituiic ncid z7'8, silica t&-6, lime I9'5, 
yllria 9'3, alumuia 6-9, peiaiide of iron 77. Of » 
fA blackish biown colour with a reddish linge, and gtey 
browD sireak, and vilteous or tesinou3 lustre. Ocean 
\ near Aiendal, Norway. 

I Of a similar coniposition to sphene, bu[ of a black sli 
. I appearance. From the Ozaik MoodUudi, Arks 



A titanile oflime 

(Is a niobialc of zirconia with iro 
near Muisiniik in Siberia, and 
Is limply a dark vaiiely oS sfhen 






IVarwickile occurs in prismatic crystals of an iron g 
brown colour, and a red tarnish. It is distinguished b 
taining 30 per cent, of boracic acid. 

By referring back to the description of the ores a 
and yltria, it will be seen that titanium enters into the c 
position of /Eschynite, j£rstfdit(, jPolymigniic, and others ; 
of ilmenite — titanic iron. — M. M., p. 348. 

NioRiuM. — Niobium is a rare mcial, whose properties 
not yet much understood. It seems allied to or assoc 
with tantalum and titanium. 

Tin. — For a description of tin and its ores see M. 
pp. 162—186. 

Arsenic. — Sec pp. 253 — 257. 
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Cobalt. — See pp. 15S — ayi. 
Antimonv. — See pp. 375, 281. 
Bismuth. — See M. M., pp. 180 — i. 

Tungsten.— Tungslen, Swedish heavy stone, as tungstic 
cid Is present in several minerals. In combination with iron 
inganese it forms IVo/fram, or tungstate of iron and 
lese (M. M., p. 349) ; in combination with lead it forms 
' tungstate of leail (M, M., p. 189), and with lime tungstate of 
lime. Composition: tungstic add t&, lime 19*06; tungstic 
ochre, forming a yellow powder on other ores of tungsten. 
. It is present also in the minerals pjTOchlore and yltro- 
jotumbite. 

Molybdenum. — See pp. 2^a — 376. 
Telli;r[usl — See M. M., p. a86. 
Lead. — See M. M,, pp. 187 — 137. 

Thaluiuii. — This metal was discovered as recently as the 

ftjreai 1S61 by Mr. Crookes in the matter deposited in the 

^ue of a pjTites burner. In a metallic state it closely resem- 

3>les lead in its physical properties. When fresh cut the newly- 

Fejtposed surface shows a bluish white lustre, which quickly 

tarnishes upon exposure, and it is best preserved under water. 

It is soft, being easily indented with a linger-nail, and it melts 

below a red-heat. The presence of the metal is shown by the 

.. Appearance of a vivid green line on the spectrum. It diBSOlves 

idiljr in nitric and sulphuric acids, giving out hydrogen. 

e soluble salts of the metal are colourless, and act as strong 

Vanadium. — Is a metal of the rarest occurrence in nature. 
I'-It was discovered in iron prepared from the iron ore of Taberg, 
■Sweden, in the year 1S30 by Sefstriim, and it was afterwards 
■ obtained in larger quantity from the slag of the ore. In its 
I'properties it bears considerable resemblance to chromium, 
[ As vanadic acid it occurs tn- — 

Vanadinite, or vanadate of lead (M. M., p. 189), discovered 
I by Mr. Johnson, of Wanlockhead. 

Vanadate of Cofper, found in the Ural Mountains. 
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Vanadate of Lime, of a brick-red colour, shining lustre, I 

a foliated structure. 

Chromium. — Was discovered in the mineral now knoi 
as Oiromate of Lead (M. M., p. 189) in the year 171 
Vauquelin. It has since been obtained from other mir 
more especially chromate of iron (M. M., p. 249), and i 
from this ore chiefly that the many beautifully coloured pre 
rations used in arts and manufactures are obtained. It forn»^ 
two compounds with oxygen — oxide of chromium and chromic 

Nickel. — For nickel and its ores, see M. M., pp. aSi- 
^184. 

Manganese. — See pp. 282 — 308. 

Iron. — See M. M., pp. 246 — 176. 

Zinc. — See M. M., pp. 238 — »4S- 

Cad.mium. — This is a very rare mineral, of which only o 
ore is known, named Greenockite. It is of a honey or 
yellow colour, high lustre, and nearly transparent. It is fouiM 
at Bishopstown in Renfrewshire. Composition : cadmium 77''^ 
sulphur 3z'4. Cadmium is also associated in small propC 
lions with blende and calamine, ores of zinc. 

Indium.- — A metal recendy discovered by means of s 
tnim analysis, associated with iinc ores. A soft white me| 
resembling cadmium. 

Merccrv,— See M. M., pp. 277— aSa 

Copi'ER. — See M, M., pp. 114 — 161. 

SiLVEii. — See M. M., pp. 81 — 113. 

Gold. — See M. M., pp. 31 — 80. 

Platinum. — See M. M., pp. 184, 385. 

Palladium. — See M. M., p. 285. 

Iridium. — See M. M., p. 185. 

Osmium. — Osmium is closely associated with iridium, frq 
which it is sqjarated by mercury. At first it is a black pow 
without metallic lusue; when further treated it becomei 
while metal, not so brilliant as platinum, and is easdy rcduoj 
to powder. When first obtained from the amalgam it ii v 
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combustible, and the mass bums away, being converted into 
the volatile oxide, or osmic acid. Five oxides of this metal 
are given, but osmic acid is the only one that is formed 
directly. Its density is 10. 

Rhodium. — Rhodium was obtained by Wollaston in the 
ore of platinum. An ore from Brazil contained 0*4 per cent., 
and an ore from another locality has yielded as much as 3 per 
cent, of rhodium. Rhodium, when fully prepared, is a white 
metal with a density of about 11. In a pure state it is not 
affected by acid, but when alloyed with platinum, bismuth, 
lead, or copper it dissolves with those metals. The. solutions 
of the metal have a beautiful red colour, whence its name from 
p68ov, a rose. 

Ruthenium. — A rare metal allied to the last. 

The substances enumerated and described in the foregoing 
pages are distributed throughout the strata of the earth's crust, 
as given in the following table. 

Table of Strata. 



Rectni. 

Post Pliocbnb. 
Nbwbr Pliocbnb. 
OX\ Oldbr Pliocbnb. 

MlOCBNB. 
EOCRNB. 






< 

O 
U 
H 

C/3 

O 



O 

N 
O 
w 



, Crbtacbous 



Wbaldbn 



J 



Oolite . 



Upper 
Middle 

. Lower 



Lias 



Trias 



Lower^ Middle^ and Upper, 

Chalk. 

Upper Greensand. 

Gault. 

Lower Greensand. 

CWealden. 
(.Purbeck Beds. 

4 Portland Oolite, 
i Kimmeridge Clay. 

CCoral Rag. 
(Oaford Clay. 

Combrash. 
Forest Marble. 
Bath or Great Oolite. 
Stonesfield Slate. 
Jnferior Oolite. 



r Upper Lias. 



Larlstone. 
CLower Lias, 

iKhaetic Beds. 
Keuper (New Red Marl). 
Bunter (New Red Sandstone). 



EARTHY AND OTHER AnXERALS. 
Table of Strata — anthiued. 

I I'pper .... Dork Red Suodsiiin 



Loner 



;uboi>!fcR>Di or Mduii- (fj" 



fCni.Kl.,d«nil». Brccciu 

I'UppciCaa] Uianirei. 
X MiadJe Cn:il Mcuiuo. 
U jiwiH ChI Mcuum 
MilliKMie Gril. 

.one *Dd Shilo. 



( iMKia Dbtubi.b., 

yTilclonei. 

j Uppoi LadJow Brfi, 

silu- J Low^Ridlowllcdt 

DEDbifliGriliJtBdW^BJad 
riTauBon Shslg. 
Vupp«I.Undo«rj. 
f LuwET LlsidoveiT, 
Bllu- jRaUandCuadecBsdL 
. 'ILlandeJIoiledi. 

iTrtiniJidoc SldUi. 
Hailccbaad Llanbeiii Slate d 
Griu. 
LoD^iDynd Rdckju 

. ( WMtTfScBllMll" 



It will be observed that the firsi six classes of minerals h 
a much wider rauge through time then have the distinctiM 
metalliferous minerals. It may also be noticed generally f 
while the latter are more strictly confined to lodes, veins, J 
contact deposits, the former occur in beds, large deposit! 
beds, and in ii regular accumulations in strata and in previoi 
formed cavities. 
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"■ Adolana kJspaj. 
lEnchimte, jij 
listed ite, 316 



ot E mutn u m tai Tip^ as 
Se]rnd,ii«: Val do Tnfcn, 11 




275 ; bislory m, 'J^^ . 
.,5: oresof. 176: aiHDical 
rjT. tetl. 178; sulph 



Areanic. 133: ores of. ajs; in 
America, N. JE 5.. 357 : in Auiltia, 
157 ; ia Britisb Islands, aj; ; in 
FruDCfl, 756 ; ID Gennanj, 356 ; in 
Ilaly, 157; in Russia. 357; in 
Spain, 157; nujiu^lure <rf, 3$5 ; 
uses o(, 254 

Asbestos, 17 

Asbolooe. 359 

Aspajngus stone, 110 

Ai^ibaltum, 204 : o( Auveigne. 316; 



deTiB 

iluminouE coals, S: of AutuD, 
JI3: BaveyTmcey.iii ; beckeO' 
ridge. 123 ; Fexmoreau.iii*. Flint- 



Boracic acid, 1 
Boruite, 317 



Boulangerito, 177 
Bnuil, gem deposits e(, 1 
British dismouds, 7 



Calcareous tufa. 31 

Calcium. 31 

Canada, apatite deposits of, i 

Cannel. ao8 

Canlan, corundum of, 17 



Carboniferous limestone. 33 
Canieliui, 11 

Celestine, 416 
Cerioe, 3JJ 

Ceylon, gem deposits of. M 
Chalcedony, g 



Chloanliiite, isg 
Chloride of sodium, 6a 
Chlorine. 6t 

Chromate of lead, 3x8 

Chromium. 33S 

Chrysoprasa, 11 

Clays. composilion of. 3S: China cUy, 
41 ; of the coal measures, 39: Doto- 
nian, 39; Drift, 40; London clay, 46; 
millstone grit, 39 : Permian. 46 : of 
Bovey Tracey, 44 ; Cornwall, 41 : 
North of England, 48 ; North 
Wales. 4B : Shropshire, 34 

Coal, bituminous, of Autun, 113; 
Bavej Tracey, an ; Breckenritlge. 
313 i Denbighshire. aoS ; Fey- 
moreau,ii3 ; Flintshire, aoS ; New 
Brunswick, laa : TorbaneHiU.Jio; 
S. Wales, 308 

Coal-measures sandstone. 31 

Cobalt, asS; arsenate of. ajg; arse- 
nite of. 2!9; bloom, 259; earthy. 
359; mdiated white, 359; sulphate, 
259; tin white, 239; in America, 
170; Austria, 270: Cornwall, ate; 



Crednertte, 3S5 
Cryolite. 319 
Cryptolite. 321 
Crystalline limestone, ja 
Crystals, formation of. 6—104 



Get- 

1 



Diamond, the.i S3: deposits of Bomea. 

185; Brazil. 183; India. 184; S. 

Africa, 1B6; mining, i&t. tSi, 

189 
Diamonds, remarkable, 191 
Diaspore, 319 
Diontie greenstones, 30 
Donegal, granite of, aH 



ENTARY substances, d 



■C■LEME^ 
-C- of, 30S 

Eliasile. 314 



■pELSPAH, 33 : 

^ Feispathic granite, »B; 

porphoritic rocks, 28, 3 
Fcrgusonite, 311 
Ferruginous quartz. 8 
Fibrous gypsum, 105 
Fire opal, 13 
Fishes d'Amonr, 8 
Flint, 9 
Ruorina. 100 

Foliated talk, z; 



/^ADOLINITE. 3aj 

^-^ Galmay. gaeissic radad 




rope. 13 



Hornblen 
Hornstone, ii ' 
Hyacinth , 36 
Hyalite, ,3 
Hydrogen, cai 



Hydropi 
^Hypsisl 



;LAND, Boraeic Lagoona ol 
^ 103 : decomposition of rocks in 



TARGON or Jargoon, 36 



■'-• Lantnnile. 3J1 
Lignifonn asbeslos, i3 



Malkcolitg 

Manganese, ores at. 384 ; carbonlfer- 

o( Sbiopsbire, 290 : in Devonian 
stralB ol Devon and CamwaU. z§S ; 
of Nortb Wales. 3S9. ol Uoited 
Stales of America. 305 ; of Canada, 
308; Britain, 388; Fnuice, 301; 
Germany. 2i|a : Italy, 298: Spain. 
aw 



130: manganese disli 



Is, scale o( hardness, 311 
principal referred to — Benvyn 
Ipbasphoritel, 133 : Borrowdals 
(graphite). loa: Brazil (gems), zo, 
iSs; Bnjvili fiirmnia), 36; Canada, 
apatite, 113; Cairickfergus.salt, 79; 
Cessena, sulphur, 240: Cheshire, 
salt, 73 : De Beers, diamonds, iSS ; 
Ecktiolmen, molybdenite, 174: 
Elbingorode. manganose, J93 ; Foel 
Hiraeddog. cobalt, 161: Glad- 
bammar, cobalt. iGj; Golconda, 
diamonds, 184: Muso.emaralds, n: 
Nant Uchaf, manganese. 189 ; Rio 
Tinto (pyritoa). 348 ; Romanftche 
manganese, 301; Seyssel, aspbal' 



turn, jh: Sicily, sulphur. 236; 

Steeterwasen. raanganesB. 195 ; St. 

Marcel, mangantisc, zqS: Val de 

Trovers, asphaltum. 216; Vuggens. 

apatite , i ig 
Mispickel, 1J4 
Molybdenite. J7» 
Molybdenum. 17J ; America. 375; 

Austria, 174: Cumberland. 373; 

E^ckhOlmen. 974 ; Germany, 274 ; 

Mount Sorrel. Z73 : Norway. 374 
Molybdio ochre, 373 



1,3" 



MOQ 

Maroxite. 110 
Mountain corit. iS 
MounlaiQ leather. 
Muriatic acid, 31Z 



NAPHTHA, 205 
Nemelite, 318 

New Red Sandstone, 31 

Niobium. 316 

Nitrate of potash. 315 : soda, 100 

Norfolk. fiinU of, 11 

Norway, apatite mines of, 119; 
cobalt mines of, 163 : graniljc and 
gneissic rocks of, iBi lircania, in, 
36 



OOLITIC limestone, 31 
Opal, .3 
Oriental amethyst, 19 
Orpiment, 154 
OrthitB, 31a 
Osmium, 32a 
Oiygen-a"' 

PALAGONITE, 3.) 
Pargasite, 27 
Parisite, 3a 2 
Peloconite. 135 
Peterhead, granite of, aB 
Petroleum, 20J ; hiitory oF expeii 

ments with, 107; Barbadoes. aai : 

of Bovey Tiacey -"• r^f^^^ 

iiri : Caspian Sea. 

Columbia, 



Gen 



Flintshire. 209 ; 
19; Houmania. iig; Spain, 219; 



South America, 2iB; If ailed Stales 
of America, 107. ijj 
Phosphate of lime, 109 ; diseoi 



,n/,.,...u.,. ..!<; productioa and 
sumption of. Ill : iaGr«>tBr 
19: deposits upon CanAda. 
Carolina. 170 ; Belgium. 151 : Ki| 
land, 147: France. 132. 137, 167 
Germany, 160: N. Wales, 130 
Russia. 137; Spain, 142; various 
islands, 175 

Phosphoric ac''' ■■" 

Pho^horite, 1 

Pitch Lake of 

Pitch mineral, , 

Plagionita. 272 

Plumbago, 193; of Ceylon, 



DddH 



Porcelain, jasper, 13 

Potash orpotatsa. 31; ■ 

Potassium, 315 ; ciiloride of, jt J J 

Polatone, 25 ■ 

Precious opal. 13 

Precious serpentine. iG 

Psilomelane, 2S4 

Pyrites. 245 

Pyrochlore, 323 

Pyrolusn 



PyroE 



e. 333 
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■n ADIATED gypsum, 105 
^^ Rangoon oU, 3K> 
Realgar. 354 
Red opal, 13 



^^^Ql 


^^■^ 


■ 


^^^^^^^^l^^l 


^^^^^1 


^^^^V 335 ^1 


EBO 


WIS 


^^^^^1 


Rbodizite. 3'S 


suluciiie. 31 1 


^^^^^H 


Rocks, composition of. into the com- 


stalagmite, 32 1 




pontioD of which silica and alumiiu 
t^lyeDter, IS 


Steatite, 15 


^W 


Romeine, 278 


Strata, table of, 339 




Roselile. 159 


Stronlia. 316 




Rose quartz, S 
Rubidium, 315 


Str^tlium 316 




Siruvile, 315 




Rutbeniam.a^ 


Sulphur, native. 231; deposits of 






Greece. 141; Iceland. 243; Italy— ^M 


R..tnB.325 


Cessena. 140 ; Sicily, 133 : m 
from pyrites. 246; mining. 2 


de 


CAL AMMONIAC. 3.5 
-J Samarskite, 333, 32s 


Sylvine, 3.5 








sapphire. .7 






Salt, common. 61 


1 Tantalum, 321 




Salt Deposits— of Africa, 90; of 




America — Louisiana, 96: Michi- 


Thallium, 317 

Thibet. lineal trade of. 101 




gan, 96 ; Missouri. 96; Nevada. 97 ; 




America, South— Pacific const, ga ; 


Thoria, 36 




Patagonia go.gS-.ol Asia — Caspian 


Thorite, 36 




Sea, 90 : Caucasus, qo ; Crimea, 90 : 


Thoriumfjfi 




InduB.the.gi; Palasiine. 90 ; Persia, 


Tincal. lol 




91 : of Austria, Dalmalia.SS : Istria, 








Titanium, 8, 335 




France, 81 ; of Germany— Anhalt, 






S3, Hanover. 84; Wtlnemburg, 84 : 






of Great Britain and Ireiand- 


Triplite, aSj 




Ashby Wolds. 76; Carrickfergus. 


Tschefkinite. J13 




79; Chesliire, 70: Droitwich. 74; 


Tungsten, 317 




Durham, 77; of Italy, 83; Rou- 


Turquoise, 318 




liunia. 89; of Russia— Archangel, 












^r fc; ol Spain — Burgos. Ba: Car- 
^BjlanB. St ; Ebro, the, Si ; Salt ganlen 


TTBANIC ochre, 324 
ii,ln"m™°3i:4^'^'"'"'^'* 




^■ft indusliy, history of in Great 
^Hwt«lD,e3 


Uran vitrio!. 325 




^^^■l mines, modes of working, 71. 
^^■Gtreta, 70, 73 T seeUons of, 77. 80, 






Y'ANADATE of copper, 327 


of 




Vanadinita, 337 




Sea-water, analyses of. 83, gi 






Selenium, 3U 






SenarmoDile, 378 






Serpemine, 25 


WAD, 255 . 
VV Wagnente, 318 




SUica, 3 




Silicon, 3 


Warwickile, 326 




Smoky quartz. 8 


Waler, 313 




Soda. 61 ; lurale of. in; Carbonale 


WBvBllite.3iS 




of, 416 ; niirate of, loo; sulpbalB 


Webslerite, 318 




of, *.6 


White augito, 16 




Sodium, ei : chloride of. bi 


Wisedte, 285 


1 
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VENTOTIME, 314 



Yttrotsnlslile, 3 



ZAFFBE, afio 
Zinkenite, 37B 

Ziiconia, 36 
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^mfumber's Work on Water-Supply. 

^B A COMPREHENSIVE TREATl.SEon the WATER-SUPPLV 
H of CITIES nnd TOWNS. By William Humbeh. A.-M. Inn. 
^H C,E., »nd M. In&t. M.F. lUuslraled willi 50 Double Plates, 
^H I Single Pliile, ColoiueJ Fiunlispiecp, uid upirardB of 350 Wood- 
^^ cull, and conluning 400 psges of Tut. Imp. 4I0, (il. 61. elegantly 
and substanliallf half-bound in moroccu. 

1. Hiiuncal SiLcIth of unuc or Ihe MicUnuy -XII Conduiu— XIII. Du- 
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number's Work on Bridge Construction. 

A COMPLETE and PRACTICAL TREATISE on CAST and 
WROUGHT-IRON BRIDGE CONSTRUCTION, Including 
Iron FoundatLoni. In Three Parts— Theoretical, Practical, 1 . 
Descriptive. By W1U.IAM UuMBElt, A,-M. Inst.C.E.,andM.lDEt. 
M.E. Third Edition, with 115 Double Platei, Inavoli. imp, 410, 
6/, 161. f>d. half-bound ir 
"Abool:— andpaniculul/alatpandcoady beiliie like Mr, HumbetV 
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//umSer's Modem Engineering. 

A RECORD of the PROGRESS of MODERN ENGINEER. 
ING. First Series. Comprising Civil, Mechinjcal, Muine, Hy- 
draulic, Ru]way, Bridge, and other Ei^ineering Works, Ac. By 
William HuMUEit, A,-M. InsL C,E., &c. Imp. ^to, viilr 
36 Double Plates, drawn lo a larn eC^c, and Portnul of Jofa I 
Hawkshnw, C.E., F.R.S., &&, and descriptiw Ulter-prts), Sp« ■" 
ficalions, &c. 3/. 37. half morocco. 
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C. R.(3p1UEiJ: SouihpatiFicr(>pUi«): 1 

Vici™Suilioniu«IRiiof,L.C.*" ---' ■ 

G. W. R, (G Blilu} 1 Roof oT O 
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HUMBER'S RECORD OF MODERN ENGINEERING. Seco 
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phenson, C.E., Ac, and descriptive Letterpress, Specificatiari 
«c, 3/. 31. half morocco, 

Birkenhead Dodc», Lf»» Wjiur Bitin 
[is pluei]i Chiiinc CiDH Suiinu RddF, 
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VWaet, C. N. Ruflway ; Iron Penrnnail 
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HUMBER'S RECORD OF MODERN ENGINEERING. .... 
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HUMBER'S RECORD OF MODE _ 
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nratHS tn Iron Frameworks, &c. 

GRAPHIC AND ANALYTIC STATICS IN THEORY AND 
COMI'ARISON. Their Practicil Application lo ihe Tjcaunenl 
uf Strusei in Koofs, Solid Girders, Uiilice, Buwttring uid Su^- 
a Biid|^, tSraccii Iron Arches and Piers, anil olher Fnune- 
To which U added a Chapter on ^\■ind Pressaas. By R. 

[ McnsoMGKAKAM, C.^^ With numerous Esamples, many liken 

I fivoi exiitlni! Structures. Svo., ' 

.*Ur. (jnluuB • I»b1i will Gild uplxcc wlii 

H or Mudkd.'— £>tf><H*r' 
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sfrifliFM ^ Girders, 

^ GRAPHIC TABLE Sot FACILITATING the COMI-UTA- 
TION of the WEIGHTS of WROUGHT-IRON and STEKI. 
GIRDERS, &e., for Parliamentarjr arid other E^imates. Ry 
_ J. n. Watson Bi.ck, M. Inst. C. K. On a Sheet, 2i. 6rf, 

Strains, Formula &^ Diagrams for Calculation of. 

A HANDY BOOK for the CALCULATION of STRAINS 
in GIRDERS uid SIMILAR STRUCTURES, and ihrir 
STRENGTH ;coniisttnEofFonnula;andCorTe5[>onding Diagrams, 
wllh niunerouE Details for Practical Application, &c. Uy Wtlliah 

HOMBBii,A,-M. lust. C.E..&C. Third Edition. Cr. Svo, 71, 6rf, cl. 

'trains. 

THE STRAINS ON STRUCTURES OF IRONWORK; 
■rith Pnctical Remarks on Iron Construction. ByF. W. Shkii ds, 
M.Iiia(.C.E. Second Edition, with 5 Plates. RoyalSvo, 51. cloth. 

barlow on the Strength of Materials, enlarged. 

A TREATISE ON THE STRENGTH OF MATERIALS, 
wlUl Ra1e« for application in Architecture, the Construction of 
SoEpention Briilgcs, Railways, &c. By Peter Barlow, F.R.S. 
Itenud by hiB Sons, P. W. and W. H. Barlow. tdiled by 
W. IIUHBEB, A.M. Inst, C.E. Svo, iSr. doth. 
THt lUnduil uciliie upon Ihii panimlai lubjecl.*— £''((i«iv. 

'irtngth of Cast Iron, &c. 

A PRACTICAL ESSAY on Uie STRENGTH of CAST IRON 
and OTHER METALS, By T. Tredgolo. C.E. sih Edition. 
To which are added, Eiperimenlal Researches on ihe SlieD(!th, 
ac, of Cast Iron. By E. HoniiKiKsoN. F.R.S. 8to, iw. cloth. 
*,' floi>GKiNSON's RxsEARCiiEa, Bcpanile, price 6(. 

fydrauUcs. 

HYDRAULIC TABLES, CO- EFFICIENTS, and FORMULA 
for finding the Di^iarge of Water from OiiRces, Notches, Wdts, 
PtpM, and Riven. With New Fonnulx, Tables, and General 
Inlgnaalian on Rain.&Il, Caiclimeiit.Ua> Ins, Drainage, Sewerage, 
Md Water Supply. By J. Nbvii.Lf, C.E., M.R.LA. Third 
E^itloii, Rerined and Ea]ug«d. CiOwn Svo, 141. doth. 
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Hydraulus. 

HYDRAULIC MANl'AL. ConsLsline of Working TaUes and 

Explanatory Ten. Ititeniled a^ a Guide in Hydnalic CmIcuIbdmu 
and Field Opcraiioos. By Lowis D'A. Jackson. "" ' 
Edition. Rewrillcn and Enlscged. Large Cro' 
" Mr. JuVioD'i HydtauJic Ktinuil it. icc<«ni»d ii the 
ulcpnilmcnl of mcdmucs. The present edition hu been btaughl abreftU of 

River, Engineering. 

RIVER BARS : The Causes o( their FonnatioB, luid their T 
menCby ' Induced Tidal Scour,' with a Descripliort ofthe Sue 
Reduction by this Method of the Ear at Dublin. By L J. Mai 
Assi^ Eng. to the Dublin Port itnd Doclts Board, lil, 8vo. ^s. td. d 




A TREATISE on the PRINCIPLES and PRACTICE . . 
LEVELLING ; showing its Application to Purposes of Railwmfl 
and Civil Endneering, in the Construction of Roads ; with Me. 
TstFOKD's Rules for the same. By Fkedehick W, SmHS, 
F.G.S., M. InsL C.E. Sixth Edition, very carefully revised, with 
the addition of Mr, Law's Practical Examplex for Settii^ out 
Railway Curves, and Mr. Trautwise's Field Practice of Ljiying 
out Circular Curves. With 7 Plates and numerous Woodcuts. 8vo, 
gi, bd, clolh. *," Trautwine on Curves, separate, 51. 

Practical Tunnelling. 

PRACTICAL TUNNELLING: Eiplaininp in detail live Selring 
out of the Works, Sluift-amking and Heading-Driving, Ranging 
the Lines and Levelling under Ground, Sub- Excavating, Timbering, 
and the Construction of the Brickwork of Tunnels wiui the antounl 
of labour required for, and the Cost of, the various portion! ofUu 
work. By F.W. SIMMS, M. Inst. C.E. Third Edition, Revised 
and Extended. ByD. Kinnear CutKK, M.LC.E. Imp. 8vo, 
with II Folding Plates and numerous Wood Engravings, 301, cloth, 

Civil and Hydraulic Engineering. 



GaS'Lighting. 

COMMON SENSE FOR GAS-USERS 1 a Catechism of Gu- 

Lighling for Householders. Gaslitters, Millowners, Architect!. 
Engineers, &c. By R. Wilson, C.E, and Edition. Cr, Svo, a/, it". 

Earthwork, 

EARTHWORK TABLES, showing the Contents in Cubic Vaidt 
of Embankments, Cuttings, &c., of Heights or Depths nptott' 
average of 80 feet. By Joseph BROAsnENT, C. E., and Fund 
Camcin, C.E. Ct. 8vO| oblong, J/, cloth. 
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Tramways and their Working. 

TRAMWAYS i THEIR CONSTRUCTION and WORKING. 
Embridng a Compreheunve HUtory of the Syitem, nilh ar 

»Eibauilive Annlyus of th« varioos modci oF Tiaclion, incloding 
Hone-powcT, Stcatn, Huted Water, and Cornpreued Air ; a 
Dcurription of the Varielies of Rolling Slock, ana Ample DeUiLs 
of Cost vaA Warkiog Expends: llie Promeis recently made in 
Trunwsy Con^lrudion, Ac, &c. By D. Kinsbab. Clark, M. 
IluL C, E. \Vilh over 200 Wood Engravings, and 13 Fijding 
Rates. 3 Ti»k. Large Crown 8vo, joi. cloth. 
" AH iDtarated ia Inmiri)^ mual refer to it, u ■!■ railway cd^uieRi hat* luriKif 
la ibi uiliet't wnk ' Riilmr MachinEfv."— 7*^ Eitittrr. 
"Ttwwnliubued on ronn« [nmniy upcntnix, ind >i !pccia!ly 'alualile in 

Steam. 

STEAM AND THE STEAM ENGINE. Staliomuy and Port. 

able. Being an Extension oT Sew-ell'g Treatise on Steam. By D. 

^H^ KlNNEAR ClAAK, M.I.C.E. Second Edition. IIiDO, 4;. clotb. 

^MSieaw Engine. 

^V TEXT-BOOK ON THE STEAM ENGINE. By 

K' 

mSh 



GOODEVE, M.A., Barrister-al-Laff, Author of "The Prindples 
of Mechanics," "The Elenienls of Mechanism," &t. fiflli 
Edition. With tmmerous Illustrations. Crown Svo, (a. clolh. 
Hr. Oooderi'i lol-book i. nwo.koTwhkh tYtiy TOung cngiiicn iho^ild pot- 



t 



I. Sewed, &/. 

Stnitking and Farriery. 

THE SMITHY AND FORGE. A Rudimentary Treatise, 
induding Inslrucllons in the Farrier's Art, and a Chapter on 
Coach- Smithing. By W, J. E, Crane. 31. clolh. 

^echanical Engineering. 

DETAILS OF NIACIIINERY: Comprising Instructions for the 

" eution of varinm Works in Iron, in llie Fitcing-Shop, Foundry, 

Boiler-Vard. By Francis Camiin, C.E. y. (td. cloth. 

'echanical Engineering. 

MECHANICAL ENGINEERING: Comprising Melallutgy, 

Jlouldirg, Casliue, Forging, Tools, Workshop Machinery, Manu- 
facture of Ihc Steam Engine, &c. By F. CAMriN, C.E. 3j. cloth. 

V&rks of Construction. 

MATERIALS AND CONSTRUCTION : a Theoretical and 
Pnctlcal Treatise on the Strains, Designing, and Erection o( 
WorksofConstmction. By F. CAMPm.CE. iimo,3J. W. cl. brds. 

Wron Bridges, Girders, Roofs, &c. 

' A TREATISE ON THE APPLICATION OF IRON 
TO THE CONSTRUCTION OF BRIDGES. GIRDERS, 
ROOFS, AND OTHER WORKS. ByF.CAMPiN. C.E.iamo.ji. 



Brif^e Construction in Masonry, Timber, & Iron. 

EXAMPLES OF BRIDGE AND VIADUCT CONSTRUC- 
TION IN MASONRY, TIMBER, AND IRON; conHsUnB o( 
46 Plates from the Conlrnct Drawings or Admeaiutemenl of idccl 
Works. By W. Davis Haskoi.l, C.E, Second Edilion, with 
the addition or 554 BLslimiles, and the Practice of Setting out Works, 
with 6 jiRges of Diagnuns, Imp. 410, a/, lit. dd, hflU-moroceo, 
" A TioA of ihe prMtnl n^tuni by a man of Mt. Huliolrt Fipericntt, mm! pro™ 
ovaliublfc The Ublo dI Eslimals conuilenbly eohiau iU value."— £livlMvri>V' 

Oblique Bridges. 

A PRACTICAL and THEORETICAL ESSAY on OBUQUE 
BRIDGES, with 13 large Plates. By the late Gaa Watsom 
Buck, M.I, C. E. Third Edition, revised by his Son, J. H. Watsok 
Buck, M.LC.E. ; and with the addition of Description to Dia- 
grams for Facilitating the Constniclion of Oblique Bridgei, by 
W. H. Barlow, M. I , C. E, Royal 8vo, 1 w. clulh. 

"Ttie sUnilaid Ititlwnll foi all mgiiiTrri itgarding jji*« archei."— fillft'W'- 

Oblique Arches. 

A PRACTICAL TREATISE ON THE CONSTRUCTION ol 
OBLIQUE ARCHES. By John Hart. 3fdEd. Imp. 8vo,8j. doth. 

Boiler Construction. 

THE MECHANICAL ENGINEER'S OFFICE BOOK: 
Boiler Construction. By Nelson Folky, CatdiF, late Asnitant 
Manager Palmer's Engino Works, Jarrow. With ag full-p^ 
Lithographic Diagrams. Folio 3IJ. lialf-bound. 

Locomotive-Engine Driving. 

LOCOMOTIVE-ENGINE DRIVING ; a Practical Manual for 
Engineers in charge of Locomotive Engines. By Michael 
Rrvnolos, M.S.E, Sixth Edition. Including A KEY TO THE 
LOCOMOTIVE ENGINE. With lUustrations. Cr.8TO,4J.6rf, tU 
" Mr. Rcynoldk has supplied a want, and hai lupptled it wclL" — Engifttf*. 

Tke Engineer, Fireman, and Engine-Boy. 

THE MODEL LOCOMOTIVE ENGINEER, FIREMAH™ 
AND ENGINE-BOY. By M. Reynolds. Crown Svo. 4/. « 

Stationary Efigine Driving. 

STATIONARY ENGINE DRIVING. A Pracliol Mutual k 
Engineers in Charge of Stationary Enginea. By Michael Rx 
MOLDS. Second Edition, Revised and Enlarged. With FlUes H 
Woodcuts. Crown 8vo, 41, 6rf. dolh. 

Engine-Driving Life. 

ENGINE-DRIVING LIFE; or Stirring Adventures and I 
denls in Ihe Lives of Locoinolivc Engine-Drivers. By MiCHAl 
Reynolds. Eighth Thousand. Crown 8yo, aj. cloth. 

Continuous Railway Brakes. 

CONTINUOUS RAILWAY BRAKES, A Practical Treati« ^ 

IhcseveralSyslemsinUscin the United Kingdom ; their Coiuln 

tioa and Performance. With copious lUustiations and num 

I Tables. BjMtCHAEl. Rbyholds. Large Crown 8vo, 9J, \ 
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Construction of Iron Beams, Pillars, &c. 

IRON AND HEAT ; cihihidng the Principles concerned In the 
eonilractian of Iron Beams, Pillars, and BridgE Girdeis, &nd the 
Action of Heat in the Smelling t'uiaace. By J. Armodk, C.E. y. 

Fire Engineering. 

FIRES, FIRE-ENGINES, AND FIRE BRIGADES. With 
a Ilillory of Fire-Engines, their Construction, Use, and Manage- 
inent ; Kcmnrks on Fire-Proof Buildings, and the PiEservatlon of 
Life from Fire ; Stadstics of the Fire Appliances in English 
Towns ; Foreign Fire Systems ; Hints on Fire Brigades. &c., &c 
By Chaiu,K3 F. T. Young, C.E. Uemy 8vo, i/. 4J. cloth. 

^trigonometrical Surveying. 

^E AN OUTLINE OF THE METHOD OF CONDUCTING A 
^B TRIGONOMETRICAL SURVEY, for llie Foraniioo of Geo- 
^^p graphical and Topographical Maps and Flans, Military Recon' 
■^ naissance. LeveHlng. flic, with Ule most useful Problems in Geodesy 
and Practical Astronomy. By Lieut.-Gen. From*, R.E., late In- 
spector- General of Fortifications. Fourth Edition, Enlarged, and 
partly Re- written. By Captain Chariks Warrkn, R.E. With 
19 Platcl and 1 IJ Woodcuti, royal 8va, its, cloth. 

w^ables of Curves. 

K TABLES OF TANGENTIAL ANGLES and MULTIPLES 
^H for setting out Curves from S lo aa> Radius, By Alexander 
^f BaAZELEY. M. Insl, C.E. Third Edition. Printed on 48 Cards, 
^* and >old b a cloth box, waistcoat-pocket size, 31. bd. 

• Each ubie is priDled on i mull card, Khkh, bcint pUnd on ths thBxIoUM, lam 

■■ \^vi hjndj : ■ iln may know tlat all M. d£'» work m.iil fi.ll »n hm of lh_ao 

Picneer Engineering. !>«*..-"".. 

PIONEER ENGINEERING. A Treatise ot> the Engineering 

Countries. By Edward Douson, A.I.C.E. With Plates and 
Wood Engravings. Revised Edition, llmo, 51. cloth. 

Engineering Fieldwork. 

THE PRACTICE OF ENGINEERING FIELDWORK, 

applied to Land and Hydraulic, Hydrographlc, and Submarine 
Surveying and Levelling. Second Edition, revised, with consider- 
able additions, and a Sunf.lement on WATER WORKS, SEWERS, 
SEWAGE, and IRRIGATION. By W. Davis Haskoli, C.E. 
1 Numerous folding Phttes. In I Vol., demy 8vo, lA 5/., d. boards. 

WLarge Tunnel Shafts, 

^m. THE CONSTRUCTION OF LARGE TUNNEL SHAFTS. 
^K By J. R WATSON Buck, M. Inst. CE., &c. Jllustratedwith Fold- 
^H ingTlatei. Royal 8vo, 121. dolh, 

^B ■• Muy or Ihc iDdhnri nvea art nT Entrcim niacliul »Iuc lo the mawn, nod Ihg 
^^■tiRTVat[Dni (ID Ihe rorm oT ■cch. the mkt for aideiine Ihc itone, and the eoniliue- 

^^b pnfcHloD, und 10 all vhs lian lo build ijiniliii thafti."— £hi/</uv Nna 




S WORKS IN ENGINEERING, SURVEYING, ETC., 

Survey Practice. 

AID TO SURVEY PRACTICE : for Reference in SurwyinE. 
Levelling, SeHing 'OUt and in Route Surveys of Travellers by land 
and Sea. With Tables, Illustrations, and Records. By Lowis 
D'A. Jackson, A.-M. I.C.E. Author of " Hydraulic Manual and 
Statislics," 4c Large crown Svo, lai. &/., cloth. 

ulilisid bolhihtid neriuiienKnu wiik ■ •rcrj UHfol 
ouild it occupies vcTy ihaToa^\Y-"'-^nftlumilc- 
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Sanitary Work. 

SANITARY WORK IN THE SMALLER TOWNS AN] . 
IN VILLAGES. Compiiwng: — I. Some of the more Coinmaa 
Forms of Nuisance and their Remedies ; 3. Drainage; 3. Water 
Supply. By Chas. Slagc, Assoc AI. Inst C. E, Second liXttton, 
Revised and EnkrEcd. I/. &/„ clolh boards. \yusl fuNtshed. 
■'This book coDluni lit llial luch ■ Iiehiih ub he upeclnd (a conuin. and -a 

Gas and Gasworks. 

THE CUNSTRl^CTION OF GASWORKS AND THE 
MANUKACTURF. AND DISTRIBUTION OF COAL-GAS, 
OriginallywritlenbyS. Hi'(;kes,C.E. Sixth Edition. Re- 
and enlarged, by W. Rlchards, C.E. l7mo, S^- doth. 

Waterworks for Cities and Towns. 

WATERWORKS (or Ihe SUPPLY of CITIES and TO^ 
with a Descriplion of the Principni Geological Formations of Ew? 
landasinHuencinESupplieiof Water. ByS. HuoHBS. 41. 61/. cloU. 

Fuels and their Economy. 

FUEL, its Combustion and Economy ; consisting of an Abridg- 
ment of "A Treatise on the Combustion of Coal and the Pretention 
of Smoke." By 0. W. Williams, A.I.C.E. With extensiTe 
additions on Recent Practice in the Combustion and Economy of 
Fuel—Cool, Coke, Wood, Peat, Petroleum, 4c. ; by D. Kjn- 
NEAR Clark, M. InsL C.E. Second Edition, revised. Wtlk 
Illustrations, izmo. 41. cloth boards. 
fM.lui)- IrealiKi ud the combuitiaii and ecatioiRy of fuel Ig be hs-' " '' - ' 

Roads and Streets. 

THE CONSTRUCTION OF ROADS AND STREETS. 
Two Paris. I. The Art of Constnicling Common Roads. 
Hknrv Law, C.E. Revised and Condensed. IF ~ 
Practice in Ihe Construction of Roads and Streets ; 
Pavements of Slone, Wood, and Asphnlte. By D. 
Clark, M. InsL C.t, 'SieMJiii'eA!'i\.,xc™cd. iimo. Si. dolb.^ 
' A book whicli every \io.au^ im«rj. ™i emkotm maa v™-..™*.rf -* 
deraUc service 10 »nJuUCta,ii444«».»n*\"'»^«^''™=''^ -B»ja™i«. 



in, 
■d. 

THE 
^GAS, I 

IWKS^H 



PUBLISHED BV CROSBY LOCKWOOD k CO. 



Locomotives. 

LOCOMOTIVE ENGINES. A Rudimenloty Trealueon. Com- 
mising an Historical Skelch and Deacripiion of the Locomotive 
Engine. By G. D. Dehpsev, C.E. Willi large addilions Irwt- 
tng or the Modern Locomotivf, bjr D. Kinneak Clark, 
H. Inst. C.E. With lUiuliatiom. timo. y. 6d. cloth boards. 



tliiCivirnJr'Kn'^:'^ " ^ '' "' 
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Field-Book for Engineers. 

THE ENGINEER'S. MINING SURVEYOR'S, ind CON- 
TRACTOR'S FIELD-BOOK. By W. Davis Haskoix, CE. 
CoQSistiiig of A Scries of Tabid, with Rule*, Explanatioiu of 
Syilems, and Use of Tlieodolile for Traverse Surveyingand Plotting 
the Work with minute accuinqr by means of Straight Edge and Set 
Square only; Levelling with the Theodotile, Casting out and Re- 
ducing Levels to Datum, and Plotting Sections in the ordinary 
manner; Settine out Curves with the Theodolite l>y Tangential 
Angles and Miutiples with Right and Left-hand Readings of the 
Instrument; Setting out Curves without Theodolite on the System 
of Tangential Angles by Sets of Tangents and Offsets ; and Earth- 
wotk Tables to So feet deep, calculated for every 6 inches In depth. 
With numerous Woodcuts. 4th Edition, enlarged. Cr. 8vo. 12J. cloth. 
" Tte book U very taodjr. and the ■uihot mighl have jildfd lint iho icjaiiile ublti 

ofitBet ftod lugcnu to every minuLe will make it uMfuL Tw muij iHhcr purpose^ th* 

gtaoiiH InrerK tabki oiituiK aIJ the v-ne-' — Atfurnnm, 

Earthwork, Measurement and Calculation of. 

A MANUAL on EARTHWORK. By Alex. J. S. Graham, 
CE. With numerous Diagram& iSmo, U. &/. cloth. 
"' ■ a Rally haady book for 1 ' ' ' »-.-.-_- -i- 






enginetn and others employed ui the mcmireineiit and calculitjon of « 
ill fmd a gtcAt :unoiint cJ pmclicaJ informaboa very adnuiably amhflcd, 
- '— stneraJ or rough ettinutea. u well u for tha more r^^-' — ' — *-' 



I Drawing for Engineers. 

^_. THE WORKMAN'S MANUAL OF ENGINEERING 
^^ DRAWING. By John Maxton, Instructor in Engineering 
^^H Drawing, Royal Naval College, Greenwich, formerly of R. S. N. A., 
^^H Sotith Kensington. FiflhEdition.carefuUyrevised. Wlthupwardi 
^^f of 300 Plates and Diagnuns. Ilmo, cloth, strongly bound, 4/. 
" iDdlipentable foe teachers of enginccrinjf drawijiA." — Makanut' Mta^aaiiu. 



tVeale's Dictionary of Terms. 



A PICTIONARV ot TERMS used in ARCHITECTURE, 
BUILDING, ENGINEERING. MINING, METALLURGY, 
ARCHEOLOGY, the FINE ARTS, Sc. By John WEAi.a, 

Fifth Edition, revised by KuBEKt Hukt, F.R.S., Keeper of Mining 
Records, Editor of "Ure's Dielionoryof Arts." i2ino, 6». cL bds. 

The belt tmall lenhnolapciil dicliooKry m th~ ' .t . . -- . 

— alaoltite accuiul' of j wotk of thit cJuu 
ilUlkm, tai front « 
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Metalliferous Mining. 

BRITISH MINING. A Practical Treatise on the McUUiferous 
Mines and Minerals of (he United Kingdam, deiiling L'omprehen 
tively with the Theories of Mineral Deposits, the History of 
Mines, tlieir Praclital Working, and the I'^iture Prospects of 
British Mining Industry. Super royal 8vo. Fully IlluiUalr"" 
By Robert Hunt, F.R.S., Keeper ol MiniiiE Kecordi; E" 
of " Ure'i Diclionary of Arts, Manufactures, and Mines," &c. 
[/« thtf. 

Coal and Iron, 

THF, COAL AND IRON INDUSTRIES OK THE UNI' . 
KINGDOM : laxnprisiiig > Descriptiou of Ifae Coal Fieldi, audi 
the Principal Seams of Coal, with relums of their Produce ■»'' ' 
Distribution, and Analyses of Special Vaiielies. Also, an Act 
of the occunence of Iroa Ores in V^ns or Seams ; Analyse!' 
each Variety ; and a History of the Riie and Progress of K^ 
Manufacture since the year 1740, exhibiting the economies " 
duced in the Blast Furnaces for lis Production and Itnprotr 
By Riciukt) Mbadb, Assistant Keeper of Mining Records. 
Maps of the Coal Fields and Ironatone Deposits o( the Ui 
Kingdom. 8yd„ £,\ Ss. cloth. 

Metalliferous Minerals and Mining. 

A TREATISE ON METALLIFEROUS MINERALS AND 
MINING. By D. C. Davim, F.G.S. With Numerous Wood 
Engravings. Second Edition, revised. Cr. Svo, isr. fid. ciolh. 

hive tea : the ■moual at inronnilHiii given ii enonaoui, and il 11 given cw^Hly 
aod inlelBgibl J."— afmuif Jnnnw/, 

Earthy Minerals and Mining. 

EARTHY AND OTHER MINERALS, AND MINING. 

By D. C Davies, F.G.S. Unifoim with, and foiming a coro- 
pnliioii volume to, the same Author's " Metalliferoui Minerals and 
Mining." With numerous Illustrations. \!n Iki pins. 

Slate and Slate Quarrying. 

A TREATISE ON SLATE AND SLATE gUARRV 
Scientific, Praclical, and Commercial. By D. C. DaVIes, F. 

illustrated. Second Edition, revised, Ji, 6rf. cloth. 

Mining, Surv^ing and Valuing. 

THE MINERAL SURVEYOR AND VALUER'S C< 
PLETE GUIDE, comprising a Treatise on Improved Mininj 
Surveying, with new Traverse Tables ; and Descriptions of Im- 
proved Instruments ; also an Exposition of the Correct Principles 
of Laying out and Valuing Home and Foreign Iron and Coal 
Mineral Properties. By William Lintern, Mining and Civil 
Engineer. With fourPlalesof Diagrams, Plans, Ac, lima.4'.clci<h. 
,' Also, bound wilh Thoman's Tauli^s. 71. W. (rice page saj 







Welallurgy of Iron, 

A TREATISE ON THE METALLURGY OF IRON: con. 
tainmg Outlines of Ihe History of Iron MBBafaclnre, Methods of 
Assay, and Analyses of lion Ores, Processes of Mannfactiue o( 
Iron and Sleel, &c. By H. Baukhman, F.G.S. Fifth Edition, 
Revised and EnlaiEtd. Illustrated. 51. 6./., cloth. 

"oal and Coal Mining. 

COAL AND COAL MINING. By Wahinctom W. Smvi H, 
M.A., F.R,S., ate, Chief Inspector of Ihe Mines of the Crown, 
FifMi edition, revised. 41. cloth. 

( (be two prindpaJ methocfi of woriiinCi the book wm donblLeu iDtBr«il ■ wrv 
uKC niunbvT of Radcrs."— .Vhu>V Jounai. 

Undergrottttd Pumping Machinery. 

MINE DRAINAGE ; beiiiE a Complete and Practical Treatise 



on Diiect-Acting Underground Slcim Pumpinj; Machinery, with 
a Description of a large number of the best knov" "^ - -- — ->---- 
General Utility and the Special Sphere of their 



Engines, their 

ion, Ihe Mode 

ipared with olherformsol 

:UELL. 8vo, 151. cloth. 



of their Application, and their 
Pumping Machinery. By Rteph 

Manual of Mining Tools. 

I_ MINING TOOLS. By W. Morgans. Tcxl,"i»mo, y. Atlas 
■ «ra35 I Uusl rations, 4to, 61. Together, 9/. dulh. 

?AVAL ARCHITECTURE, NAVIGATION, ETC. 
Pocket Book for Naval Archiiecis^ Shipbuilders. 

THE NAVAL ARCHITECT'S AND SHIPBUILDER'S 
w POCKET BOOK OF FORMUL-*:, RULES, AND TABLES 
ItaAND MARINE ENGINEER'S AND SURVEYOR'S HANDY 
■jBOOK OF REFERENCE. ByCLEMBNT Mackrow.M. Inst. 
KN. a.. Naval Draughismnn. Second Edition, revised. With 
W.. numerous Diagrams. Fcap., lit. &/., strongly bound in leather. 



Becket-Book fof Marine Engineers. 

ILa pocket-book OF USEFUL TABLES AND FOR- 
■ UUL^. FOR MARINE ENGINEERS. By Frank Psoctor, 
B A.LN.A. Third Edition. Royal 32010, leather, gilt edgetj^^j. 



^ SoucEly anythini 
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Grantham's Iron Ship-Building. 

on iron SIIIP-BUILDING ! with Practical Exampl. 

IDeUUs. ByJoHN Gkantham. M. Inst. C.E., &c Fifth Edition. 
40 Plates. Imp, 410, bdi., nitb separate Text, il. 31. complete. 
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Light-Houses. 

EUROPEAN LIGHT-HOUSE SYSTEMS ; bebg « Report of 
a Tuui of InspEClion made in 1S73. By Major Gedrob H. 
Elliot, Corps of Engineers, U.S.A. lUustTatcd by Jl En- 
eravitijfs and 31 ^'oodcuts in the Text. 8vo, 2IJ. clotb. 

Surveying {Land and Marine). 

LAND AND MARINE SURVEYING, In RefereDce to the 

Preparation of Plans for Roads and Railways, Canals, Ri»en, 
Tonus' Watet Supplies, Docks and Harbours ; with Descrlptjon 
and UseofSun'cyuigliutrumeDls. By W. Davis H ask oll, C.E. 

With 14 folding Piales and namerousWoodculs. 8vo, «/.W. doth. 

Storms. 

STORMfi: their Nature, Classificilion, and Laws, irlth tlie 
Means of Predicting them by their Embodiments, the Clonds. 
]ly William Blasius. Crown Evo, lOf. 6d. clolh boards. 

Ritdimeniary Navigation, 

THE SAILOR'S SEA-BOOK: a RudimenUry Treatise 00 Navi- 
galion. By jAMEii Greenwook, B.A. New and enlarged edition. 
By W. H. RossBR, llmo, 31. clolh boards. 

Mathematical and Nautical Tables. 

MATHEMATICAL TABLES, for TrigonomMrica!, Astronomical, 
and Nautical Calculations ; to which is prefixed a Treatise on 
Logarithms, By Henry Law, C.E. Together with a Series g 
Tables for Navigation and Nautical Astronomy. By PtofeM 
J. K. YouNC. New Edition. Itrao, 4J. cloth boards. ' 

Navigation (Practical), with Tables, 

PRACTICAL NAVIGATION : consisting of the Sailor's 
Book, by James Gbeenwood and W. H. Rosser ; tw 
with the requisite Mathematical and Nautical Tables for the v 
ing of the Problems. By Henry Law, C.E., and Fn' 

J. R. YovNC. lUustrated. lamo, yj. strongly haU-boond in Ic 



WHALE'S RUDIMENTARY SERIES. 

Thl folltnfing ieoti in Naval Anhitiiturc, etc., an frnhluM in 

NAVIGATION and NAUTICAL ASTRONOMY IN THECM 

AND rR.'VCTICE. By pBO>-Ef.soR J. R. Voonc;. New Edi 

Including the Re<[UiEite Elements from the Kauiical AlmaiM 

Working tlie Problems. l2mo, 23. 6d. doth. 
MASTING, MAST-MAKING, AND RIGGING OF SHIPS. 1 

Robert KipriNC, N.A. Fifteenth Edition, 121 ' ' " 

SAILS AND SAIL-MAKING. Tenth Edition, 

Rdberv KjrriNU, N.A, lUualrated. izmo, 31. cloth b 
NAVAL ARCHITECTURE. By James Feake. FifUi 1 

with Plates and. Diagrams. 1 3mo, Hi. cloth boaids, 
MARINE tNGiNES, KNB STiLkW. VIESSELS. By ] 

MuKKAV, C.E. E.i^& t&fton, ..-*-- 
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ARCHITECTURE, BUILDING, ETC. 
xstruction. — • — 

THE SCIENCE of BUILDING : An ElemenUry Treatise on 
the Principles of ConslniclJon. By E. WVNDHAii Tarn, M.A, 
With 58 EneraTings. Second Edition, revised, invluilint; a ncn- 
chapter on the Nature of Lightning, and the Means of PTotecling 
Buildings from its Violence. Crown 8to, ^s. 6d. doth. 

" No ucbiuturaL AiuIedI should be viuiout ihU Hud-tnok."— XrrAi'/fi'f. 

Civil and Ecclesiastical Building. 

A BOOK ON BUILDING, CIVIL AND ECCLESIASTICAL, 
Including Church Restoration. By Sir Edmund Beckett, 
Bart., LL-p., Q.C., F,R.A,S. iimo, Jj. dolh boards. 



Villa Architecture. 

A HANDY BOOK of VILLA ARCHITECTURE; being » 
Seiiei of Designs fot Villa Residences in various Styles. With 
Outline Specifications and Estimates. By C. WiCKES, Architect. 
30 PUles, 4to, bfllf morocco, gilt edge;;, \i. \s. 
*,* Also an Enlarged edition of the above. 61 Plates, with Outline 

f Specifications, Ebiimalei, &c. a/, u. half morocco, 
seful Text- Book for Architects. 
THE ARCHITECT'S CHIDE: Being a Text-book of Useful 
Information for Architects, Engineers, Surveyors, Contractors, 
Clerks of Work=, &c. By F. Rogers. Cr. 8vo, fif. doth. 

The Young Architect's Book. 

HINTS TO VOUNG ARCHITECTS. By G. Wiohtwick. 
New Edition. By G. H. Guiu-aume. iimo, cloih, 4r, 
"Will be rmind an aciiuiiiiion 10 impili, anil a copy ought In bn i-nn^rieisd u 
IH'rchue 0( 3 bun iii%xa\n\\\.\tvA\."—Ar!,hit/ft 

Rawing for Builders a7id Students. 

PRACTICAL RULES ON DRAWING for the OPERATIVE 
BUILDER and YOUNG STUDENT in ARCHITECTURE. 
By Geokcs Pvnb. With 14 Plates, 410, 7;. &/. boordx. 

toiler and Factory Chimneys. 

BOILER AND FACTORY CHIMNEYS ; their Draught-power 
and Slabilily,withaclutpteton Lightning Conductors. BvRobrrt 
Wilson, C.E. Crown Svo, 31. bd. cloth. 

^uildet^s and Contractor's Price Book. 

LOCKWOOD & CO.'S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK, containing the latest prices of all kinds of Builders' 
Materials and Labour, &c. Revised by F. T. W, Mu.t.«.v, 
A,K,I.B,A. Half-bound, 4j. 
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Taylor and Cresy's Rome. 

THE ARCHITECTURAL ANTIQUITIES OF ROME. Bj 

the laie G. L. Tavlob, Esq., F.S.A., snd Edwakd Cresv, Esq. 
NewEiliiion, Edited by the Rev. Alexander Taylor, M. A. (ion 
of the late G. L. Taylor, Esq.) This is tlie only book which giv« 
on a lATge scale, and with the precision of iTchitectunil mclsuif 
Tueiit.tlu: principal Monuments of Ancieat Rome in pUn, eieraljon, 
and detail. Large folio, with 130 Plates, balf-bound, y. v. 
*.* Ori^nally publishnl in two Tolumes, folio, at iS/. iSi. 

Vitruviu^ Architecture. 

THE AKCIJITECTURE OF MARCUS VITRUVIUS 
rOLLIO. Translated by Joseph Gwilt. F.S.A., K.K,A.S. 

Numerous Pkies, i2mo, clolh limp, 51, 

Ancient Architecture. 

RUDIMENTARY ARCHITECTURE (ANCIENT); <otP- 
prising VITRUVIUS, translated by Josbph Gwilt. F.S.A., 

ac, with »3 fine plates ; and GRECIAN ARCHITiCCTURT^ 
By the Earl of Aberdeen ; i2mo, 6j,, half-bound, 
*,■ Thi only tditien of VITRUVIUS froatrablc at a aodfrali fi 

Modern Architecture. 

RUDIMENTARY ARCHITECTURE (MODERN): com 
prising THE ORDERS OF ARCHITECTURE By W. H 
Leeds. Esq, ; TheSTYLES of ARCHlTECTUREofVARlOLt, 
COUNTRIES. By T. Talbot Burv; and The PRINCIPLES 
u{ DESIGN in AltCHtTECTURE. Bv E. L. GARBm. 
Numerous illustrations, tlmo, 61. half-bound. 

Civil Architecture. 

THE DECORATIVE PART of CIVIL ARCHITECTURE, 
By Sir WiiXiAM Chambers, F.R.S. With lUasliations, NoW^ 
and an Knamination of Greciaji Architecture. By Joseph Gwjlt, 
F.S.A. Edited by W. H. Leecis. 66 Plates, 410, jii. 

House Painting. 

HOUSE PAINTING. GRAINING. MARBLING. AND 
SIGN WRITING : a Practical Manual of. Wiih g Coloured 
Plates of Woods and Marbles, and nearly 150 Wood Engtavings. 
By Ellis A. Davidson. Third Edition, Revised, iimo, 6r, cloth. 

Plumbing. 

PLUMBING ; aTcit-booIt to the Practice of the Art orCraft of tht 
Plumber. With chapters upon House-drainage, emhoilyine the 
latest ImproTements. By W, P. Buchan, Sanitary ICnguieci. 
Fourth Edition, ReiiseJ, with 330 iUustrotions. i2mo. 41. cloth. 

yoints used in Building, Engineerings &c. 

THE JOINTS MADE AND USED BV BUILDERS id Ibt 

construction of various kindi of Engineeiing and Alcliitcctuiil 
works, with especint refereoce to those wroi^ht by arlilicen id 
erecting tmd Roiii\n^ HiWtable Structures. By W. J. Ciiristy, 
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Handdook of Specifications. 

THE HANDBOOK OF SPECIFICATIONS ; or, Pmctical 
Guide to the Architect, Engineer, Surveyor, uid liuilder, in drawing 
~-> SpecificatioM and Contracti for Work* and Conitniclions. 



r Edition, in One laiEe Tolome, Svo, with 
upwards of looo pages of text, and 33 Plates, clotb, l/. til. dJ. 

'• HmdtBok of SpedficjiioM muii bo botieht by all BrehiiecB."— ^MWrffr. 

Specifications for Practical Architecture. 

SPECIFICATIONS FOR PRACTICAL ARCHITECTURE: 

A Guide to the AichiCect, EDgiQuer, Survcfcr. and Builder; wilii 

an Esiay on the Slractore and Science of Modem Buililing!. By 

Fkbdirick Rogers, ArchilecL Svo, 151. clotli. 

*a*Avdtui]ic of tpecificBtiDnsorjprAct!(atchanctcrbeiBgs*«*ttyreaiured,iuid thf 

tld Oudud wocb: ol Alfred Banholiime'ii' being out of prioi. ihs nuthDr, on tht baaii 

sf Ibal wotlc. hupiDduced Hx ibait.^E:tlra<< frtm Pnlart. 

resigning. Measuring, and Valuing. 
THE STUDENT'S GUIDE to the PRACTICE ol MEA. 
SURINGandVALUING ARTIFICERS' WORKS; containing 
Directions lor taking Dimensions, Abstracting the same, and bringing 
the Quantities into Bill, with Tables of Constants, and copious 
Memoranda foi the Valuation of Labour and Materials in the re- 
ipeclive Trades ol Biicklaycr and Slater, Carpenter and Joiner, 
Painter and Glaiier, Paperbanger, &c. With 8 Platesand 63 Wood- 
cuts. Originally edited by Edward Dobson, Architect. Filili 
Edition, Revised, with considerable Additions on Mentaralion and 
Conitniction, and a new chapter on Dilapidations. Repaint, and 
Contracts, By E. Wyndiiau Tarn, M.A. [/« the pnss. 

'-WcUfuimilhe]>t<Hniua(iBIlde-inn. Mr.T]ini*>addlIioQi>na rniiioiu havg 
much incteued tbe UKruLoeu ol lh= w<A."~JCi^infrriif. 

Beaton's Pocket Estimator. 

THE POCKET ESTIMATOR FOR THE BUILDING 
TRADES, being an easy method of estimating the varioui parti 
of a Budding collectively, more especially applied to Carpenters' 
and Joiners' worlt. By A. C, Beaton, Second Ediijon. 
Waislcoat-pocliet siic. u. &/. 

Beaton'sBuilders' and Surveyors' Technical Guide. 

THE POCKET TECHNICAL GUIDE AND MEASURER 
FOR BUILDERS AND SURVEYORS: containing an Expla- 
nation of the Terms used in BuIMin|[ Construction, Directions for 
Me«»uringWork,U9eIidM«inoTnm1a,&c. ByA, C, Bkaton, ij.&/. 

The Hottse-Owner's Estimator. 

THE HOUSE-OWNER'S ESTIMATOR; or, What will it 
Cost to Build, Alter, or Repair ? A Price-Book for Unprofes- 
uonal People, Archilectural Surveyon, Buildet.i, Sic. By Ihe iate 
James D. Simon. Edited by F. T. W. Millbr, A.R.I.B.A. 

tHiirJ Edition, Reviled. Crovvn Svo, ja &/,, cloth. 
" la two ■sa.n il will wiwy il> coil a hundred limn over,''- Fitdl. 




Tredgold's Carpentry, new and cheaper Editi. 

THE ELEMENTARY PRINCIPLES OF CARPENTRY t 

a Treatise on tlie Pressure and Equilibrium of Timber Framing, Ihe 
Resistance of Timber, uid [he Construction of Floon, Aniliei, 
Bridges, Rools, Uniting Iron and Stone with Timber, &C. To which 
is added an Essa; an the Nature and Properties of Timber, Ac, 
with Descriptions of the Kinds of Wood used in Building \ also 
numerous Tables of the ScsuitUngi of Timber for difierent purpOMS, 
the Specific Gravities of Materials, &c. By Thomas Txbdoold, 
C.E. Edited by Peter Bablow, F.R.S. Fifth Edition, cor. 
reeled and enlarged. With 64 Plates, Portrait of the Author, and 
Woodcuts. 4.to, published at a/, ai., reduced to 1/. 5^. doth. 

tfiM. The iddiiioBal plaiH Ire o(^atLo^iac^a^'—£KMme AVb*'"'" 

Grandy's Timber Tables. 

THE TIMBER IMPORTER'S. TIMBER MERCHANTS, 
& BUILDER'S STANDARD GUIDE. By R. E. Ckandy. 

and Edition. Carefully revised and corrected, iznio, 31. 61/. cloth. 
" Everything it prctendi to be : bultl up jcnuiuaLly. U leadt one fi«m a form fo ■ 
Erecs^.aiiiL (hcowEL in, as a pultewcieht. aniut o/niaicrLBlcaDcerDuiAbnrkt, cohniuv 
ciilems. Ac— alJ ihal tha ctau. la wllaai il *ppel]> nquini.*— £>./A(4 MnlatKi: 

Timber Freight Book. 

THE TIMBER IMPORTERS' AND SHIPOWNERS' 
FREIGHT BOOK" j Being a Comprehensive Series of Table* for 
the Use af Timber Importers, Captains of Ships, Sliipbrolien, 
Builders, and Otheri. By W. RlCHARDS0t4. Cro»-n 8vo, &. 

Tables for Packing-Case Makers. 

PACKING-CASE TABLES ; Bhovring the nim.bcr of Snpe 
Feet in Boxes or PacVing-Cases, from six inches squai 
upwards. By W. Riciiari>soh. Oblong 410, 3<. td. doll 
"iBviJuablebbaiu-uvingublci."— />t>«i«'<vn. 

Carriage Building, &c. 

COACH BUILDING: A PrsclLci 
Descriptive, conlaininc lull informatio: 
Processes involved, wiUi Hints 
&c. S7 niustradons. By Ja» 

florion's Measurer. 

THE COMPLETE MEASURER; settmg forth the Measure- 
ment of Boards, Glass, 8:c ; Unequal- sided, Square-sided, Oc- 
tagonal-sided, Round Timber and Stone, and Standing Timber, 
A^o a Table showing the solidity of hewn or eight-sideil timber, 
or of any octagonal-sided column. By Richard Hortoh. 
Fourth Edit. With Additions, lamo, strongly bound in leather, S*. 

Hortoiis Undenuood and Woodland Tables. 

TABLES FOR PLANTING AND VALUING ' 
WOOD AND VJ0QV)\-\'«O-.iWiUneal, Superficial, C 
andDecinui\1i\Ae^.&c. -B^ V., Wcmiv •- 
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Nicliolsotts CarpeiUer's Guide. 

THE CARPENTER'S NEW GUIDE; Df, BOOK of LINES 
for CARPENTERS : comprising aU Ihc Elemenlary Principles 
essentul for acquiring 3. knowledge of Carpcnlty, Founiled 011 the 
lale PrrsR Nicholson's standi work, A new Edition, revised 
by AsTiiUH AiHriTEi, F.S.A., togeiher with Pniclical Rules on 
Drawing, by Geukgb Pvkk, With 74 I'ktes, 4(0, 1/. u. cloth. 

Dotvsing's Timber MercJiant's Cotnpanion. 

THE TIMBER MERCHANTS AND BUILDER'S COM- 
PANION ; containing New and Copious Tables of the Reduced 
Weight and Measurement of Deals and Battens, of all sizes, from 
One to a Thousand Pieces, also the relative Price that each size 
bears per Lineal Fool to any given Price per Petersburgh Standard 
Hundred, &c., &c. Also a variety of other valuable information. 
By W. Dowsing. Third Edition. Crovm 8vo, y. 

PrtuHcal Timber Merchant. 

THE PRACTICAL TIMBER MERCHANT, being a Guide 
tur Ihe use of Building CoQliaclora, Surveyors, BuMeis, &c., 
compiising useful Tables for all purposes connected with the 
Timber Trade, Essay on the Slrength of Timber, Remarks on the 
Growth ofTimber, &c By W. Richardson. Feap. 8vo, 31, 6rf. cl. 

Woodworking MacMnery. 

WOOrAVORKING MACHINERY; i Is Rise, Progres:, and 
L'onslruclioii. With Hints on (he Management of Saw Mills and 
the Economical Convecsion of Timber. Illustrated with Examples 
of Recent Designs by leading Engbsh, French, and American 
Engineers. By M. Powis BALE, M.LM.E. CrownSvo, lu. &/. cl. 
" Mf. Eale u svidenlly ju cipert od Ibc >u)ijecl, and he hai cDlIecled » much 

infonnaliDD thai hii bmk it aJl-juffieiEal Tsi buildcn uid Dtben uifafid in the sou* 

1 Fi>3an of [j]Dber."^^KAf'/rf t 
^'Tht most miDmbflniJve compeodjuin of wood-working modiintrr t>c have 

iCtn, The author b * ihenugh matUt <ii\aita\^rxX."~BiaMiit Neu^i. 

Saiv Mills. 

SAW MILLS, TIIEIK ARRANGEMENT AND MANAGE- 
MENT, AND THE ECONOMICAL CONVERSION OF 
TIMBER. (Beiny n Companion Volume \a ■■ Woodworking 
Mnchinety.") By M. Powis Bale, M.LM.E. Willi numerous 
lUusti-alioas. Crown 8»o, loj. W,, doth. \ymlfHMuhed. 

'• The aulhin is bvsunUjr kaowii hf hii former wotli an 'WaodworUag Huchl- 
neiy,' of whith we vat able to ipeali approvineiy. Thii ii a compaDion voluuit. 
Ill which ih« ii;/nn'iiAf>vi(ii7<f ola large nwini AUbliihrneni it diicimed, and liir 
nitrieci cunirHKl fnmi 1 financial iiudpoint. Htnce the uu, thape, snler, and 
disp«iiiMi< ol uw-miJIi and the like are t«e uilo in deuil, and Ihe toune of Ih*; 
tii^et i> inced from iu leceptioD ta <u dclivcivlgia convened uate. We could , 
net d«i» a mon complete or pnclical liuli«.~— 5«JMr>-. 

■■ We highly letoDmtnd Mi. Bale*i work to IIh atlalioo and peruul of ill ttad>e 
--■-' -rt Muiaal in the art of wood eAnvernocL or who are aboiu biMldinc or re- 
IbrUi^nifll. on improved primaplet" -SxlUiiit f""- 

w by tliat *pedal dan h roaden for whoft ififof uu- 
.._ .._. • jtomeiKfiBt the bw^ \s ^^inn )!ti«A \a 




MECHANICS, ETC. 
Tumtng. —• — 

LATHE-WOKK ; a Praclical Trealise on the Tools, Appliance, 
and Processei employed in the Art of Turning. By Paul N. HAS 

LUCK, Second Ediiion.thcirouEhly Revised, with a New C' 

on the Sctew-cuiling t^the. Crown gvo, S'- 

Tjirning. 

THE METAL TURNER'S HANDBOOK : A PrartieilMaii 
for Workers at the Foot-lathe. By Paul N. Hasldck. 
over loo Illusttations. Crown Svo, u., clolh. 

Mechanic's Workshop Companion. 

THE OPERATIVE MECHANIC'S WORKSHOP COM- 
PANION, and THE SCIENTIFIC GENTLEMAN'S PRAC- 
TICAL ASSISTANT. By W. Templeton. ijth Edit..willi 
Mechanical Tables for OpemtJTe Smiths, Millwrights, EngiBccn, 
fitc.i and BnEKtensiveTableofPowersand Roots, iimo, 5/. bound. 
" Adniiablir udupud to Ihe wuti nt i very laige cIsb. Ii his met with irsi 

nun who, inaeimim&uurc.DweiheiiriicuiIirelalhUJitUewoik."— £NiW>i( Arc.. 

Engineer's and Machinist's Assistant. 

THE ENGINEER'S, MILLWRIGHT'S, and MACHINIST'S 
PRACTICAL ASSISTANT 1 comptising a Collection of UsefiJ 
Tables, Rules, and Data. By Wm. Teuplhton. iSmo, u. tJ. 

Smith's Tables for Mechanics, &c. 

TABLES, MEMORANDA, and CALCULATED RESULTS. 
FOR MECHANICS, ENGINEERS, ARCHITECTS. 
BUILDERS, &c Selected and Arranged by Francis Smith. 
Z40PP. WalslGOat-poclcelsii^e, IJ.61/., limp leather, [jfusi fubliii ' 

Boiler Making. 

THE BOILER-MAKER'.S READY RECKONER. 

Examples of Practical Cicomelry niitl Tcmplating, for the 11 
Platers, Smiths, and Riveters. Ry John tovtr — " "-"-*• 
D. K. CijUtK, M. I. C.E. lamo, gj. hiH-bd. 

Superficial Measurement, 

THE TRADESMAN'S GUIDE TO SUPERFICIAL ft _ 
SUREMENT. Tables calculated from 1 Id 200 Inches in lei>efl . 
I>y I to 108 inches in breadth. ByJ. Hawkincs. Fcp. 31, 6rf. d. ' 

The High-Pressure Steam Engine. 

THE HIGH-PRESSURE STEAM ENGINE. By Dr. EMiT 
Alban. Translated from ihc German, with Notes, by Dr. X'^^~ 
F.R.S, Plates. 8vo, 16/. 6rf., doth. 

Steam Boilers. 

A TREATISE UN STEAM BOILERS; thelt Stieugth, 4 
sIiucUqu, and Economical WoiVing. By R, WtLsOK, 1^ 

Fitth Edii\(ni. *- -'"'^ 




PUBLISHED BV CROSBY LOCKWOOD & CO. 19 

MATHEMATICS, TABLES, ETC. 
fetrical Units aiid Systems, &c. 

MOBERN METROLOGY: A Manual of the Mtlricat UmU 
and Systems uf tli« pment Century. With an Appendix cqd- 
taining a proposed Kngluh System. By Lo\vis D'A. Jackson, 
A^M. low. C.E,, Autlior of ■■ Aid lo Siiney Pnctice, ' &-:. 
Luge Crowii 8ru, \2i. (xt. clutli. 

'■r^Vfy's Practical Matkentatks. 

MATHEMATICS for PRACTICAL MEN; being ■ Common- 
place Book of Pure and Mixed Mathematics. Designed chiefly 
for Ifae Use of Civil Engineeis, Architects, and Surveyors, Pari I. 
PUKS Matubuatics— comprising Arithmetic, Algebra, Geometry, 
Mensiualion, TrUjonometrjr, Conic Sections, Properties of Curves. 
Van U. Mixed Mathematics — comprlsinc Mecbanics in general, 
Statics, Dynamics, Hydrostatics, Hydnx^oajnics, Pneiunalics, 
Uechaolcal Agents, Slrength of Materials, £:c By Olinthus Gke- 
GOttY, LL.D,,F,R.A.S. Enlai^edby H. Law. C,E. 4th Edition, 
leciied by Prof. J. R. VcuNG. With 13 Plates, 8vo, 1/. u. doth. 

fatkanatics as applied to the Constructive Arts. 

A TREATISE ON MATHEMATICS AS APPLIED TO 
TUE CONSTRUCTIVE ARTS. Illustraling the various pro- 
oeaei of Mathematical Investigaibn by meant of Aritbmciieal and 
nm|ilc Algebraical Equations and Ptoctkol Eiamplcs, &c. By 
^^^ FUKCis Camfis, C,E. ismo. ji. W. cluih. 

Ttomeiry/or the Architect, Engineer, &c. 

^^ FRACriCAL GEOMETRY, for the Atehiled. Enpneei, and 
Mechanic. By E. W. Tark.M.A. With AppendicesonDiagiams 
of Stmins and laomctricaB projection. Demy 8vo, 91. clolh. 

'^radical Geometry. 

,THE GEOMETRY Of COMl'ASSES. or 1-roblcras Rcolvcd 
bv Ike Mere Description of Circles, and Ibc Use of Coloured 
ifiagrnms and SymboU. By Olivek Bvhhe. Coloureil Platen. 
Ciown 8vo, 31. W., cloth. 

*'lu Metric System. 

A SERIES OF METRIC TABLES, to which Ihe Britiih 
Standard Measures and Weights are complied with those of the 
Metric Sj-stem nt picseat in nse on the Continent By C. H. 
D0WUNt;,C.E. jnd EdiL, tc%isedandetilarf;e<I, &10, tai.td. il. 

Mwood's Tables, greatly enlarged and improved. 

TABLES FOR THE PURCHASING of ESTATES, Freehold, 
Copyhold, ur Iicajehold : Annuities, Advowsoni, Ac, and tor the 
Renewing of Leases ; also fbi Valuing Reversionary Eitatcs, Dj- 
fetted Annuitie, &g. By Willi ah 1m wood, alsl edition, with 
Tablea of Logarithm* for the mote DliBcult Computations of the 
^Icrest ol Money, &c. By M. FtouK Thumah. iimo. &. doth. 
id in ibt fmidu4c ujil vie of ciutu, and In Iha «t" 



ao WORKS IN MATHEMATICS. ETC., 

Weights, Measures, and Mon^s. 

MEASURES, WEIGHTS, and MONEYS of al! NATIONS 
Enliicl^ New Edilion, Kevised an<I Eiilai;geH. Bj W. S. \ 
\VooLnol!SE, F, R.A.S, timo, 2J-. 6/. dolh boanK 

Compound Interest and Annuities. 

THEORY of COMPOUND INTEREST aiiiJ ANNUmESfl 
vriili Tables of Logaiitluns foi the more Diiliciill Computatioas i^ 
Interest, Discuunt, Annuities, &c.. In sU thnt ApplicaiioDs u 
Uses (or Mercantile and Stale Purposes. By FfciKiR Thouiu 
of the Sociiti Credit Mobilier, Pari*, jrii Edit., iimo, 41. &/. ( 

Iron and Aletal Trades' Calculator. 

THE IRON AND METAL TRADES' COMPANION"^ 
Being a Calculator containiuc a Scries of Tables upon a new m 
comprehensive plan for expeditiously oscertaiuing the value of a: 
gooos bought or sold by weight, from is. per cwl. to II21. 
cwLi and from ouc farthii^ per lb. lo \s. per lb. Each Table 
tends from one lb. to too tons. By T. Dow K IE. 396pp,,9j.,leiill 

Iron and Steel. 

IRON AND STEEL: a Work toi the Eorgc, Kooui 
Factury. and ODice. Containing Information for Irannasl 
Civil, Mechanical, and Mining Engineers ; Architects, Buitden, 
By Charles Hoare. Eighth Edit. Obloog jimo, ts., leathct. 

Comprehensive Weig-/it Calculator. 

THE WEIGHT CALCULATOR, being a Series of 
upon a New and Comprehensive Flan, exhibiting at one Ri 
the exact Value of any Weight from i lb. to 15 tons, al 300 Pi 
grestive Rates, from I Penny to 168 Shillings per cwt., and cq 
taining iS6,ooo Direct Aiuwem, which, with Ibeir Combinatioi 
consisting ofasingle addition, will afford an a^rcgalc of lo,256,< 
Answers ; the whole being calculated and designed |i> ens 
Correctness and promote Despatch. By Hbkrv Harbki 
Accountant. New Edition. Royal Svo, t/. 5j., hnlF-buuD'], 

CompreJiensive Discount Guide. 

THE DISCOUNT GUIDE: comprising Tables for the _ 
Merchant!!, Manufacturers, Ironmongers, and others, by wl 
may be ascertained the exact prolit arising from any mode of 
Discounts, eltlier iu the Parcfaase or Sde of Goods, aiid the m 
of either Altering a Rale of Discount, ur Advancing a Price, 
lo produce, by one operation, a sum that will realise any n 

profit after aflowiiig one or more Discounts 1 la which bk , 

Tables of Prolit or Advance from ij to 90 per cent., Tablea 
Discount from i) to gS) per cent., and TaUcsof ComnuESkm, 
from 1 lo to per tent. By H. Harbbn, Svo, i/, Ji., lurtf-*' " 

Mathematical Instrmnents. 

MATHEMATICAL INSTRUMENTS! Their Ci 

Adjustment, Testing, and Use ; compri^iig DrawiR|>, Mei 
Optical, Sutvfjm^, aiii Kstaawinrical Instruments. By J. 
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SCIENCE AND ART. 



Gold and Gold- Working. 

THE GOl-DSMITirs ITANDIIOOh:: conlainiog fbn iniboe- 
ijonii for Ihe Alloying and Working of Gold. Inclading the Art of 
Allowing, Melting, Reducing, Colouring, Collecting nod Refining. 
Chemicul anJ Phyiicit Propcrtits of &ild, with a new Srstcm of 
Mixing iti Alloys ; Soldera, EonmcU, &c. By George E. Gse. 
SeMmd Edition, cnlaiged. izjao, y. 6d. cloth. 
" Th« ban vgrk yet prinledsii ill lubieclfura Kuonible fna," —Tnntllir. 
"CHtnlioUy ■ priGtical muiul, wdl idiptcd to tlic winu et amueun wd 

•fpMMiCM, cunuiniiig [nittwonb]r iofomialiDn khii dd)/ i pnoiol num cu 

ai^^J'—£nflith WtcAiiMic, 

Silver and Silver Working: 

THE SILVERSMITH'S HANDBOOK, containing full In- 
slruetions for the Alloying and Workbg of Silver. Including the 
different Modci of RcRning and Melting the Metal, its Solden, the 
Prepu^on of Imitation Alloys, Ac By G. E. Gee. izmo, y. 6d. 
Ac chief mint of the w«k ii iu pnclki] chuiclcr. 'Die mrken in lbs Indi 
*M ipieilty diMDm in nmitt vhtn tber lit dowa lo study 'n'~K«iltili Krrkiaiie, 

Hall'Marking of Jewellery. 

THE HALL-MARK.fNG OF JEWELLERY PRACTICALLY 
CONSIDERED. comptiiinR an account of all ih« differeol Astay 
Towns of the Uolled Kingdom ; with tlie Siampi at pre<eni 
etoployol ; nlso the Laws relating to the Standards and Hall > 
Mniu nl the various A»ay Oflicei ; and a variety of Pmctical 
Suggestions cinccrninfi the Mixing of Slandaril .Ailoys, 4c. By 
OKOSCE E. Uke, Crown Svo, 51, elolli. 

Mlsttro' Plating, <£ff. 

ELECTROPLATING T A Pi*tiic»l HwiJl-ook. 
Ubquhabt, C.E, Crown Swo, jj, cloth. 
Any «di1iuiEy iar<lli|«il p«t«i miy bKurnF an tAt^i m tlttbo^ 



By J. 



Bleclrotyping. iSfi. 



idling Suif^ci^s and \ 
Metok. By J. W, Ubqitmaut, C.E, 

Mi^tro-Piating. 

ELECTKO-METALLUKGY PRACTICALLY TKfc.ATEO. 
By Ai.exanokr Wait, E.R.S.S.A. Including the Electro- 
D^KAilion nf Co[>i«r, Silver, (lold. Brass Btiij Bionie, PlalinaDi. 

Lead, Nickel, Tin, Zinc, Alloy, of Mclals, Ptu;lical Notes, Jtt. 
Ac Eighth Edition, Revised, iniJuding the most rtreni Pto- 
ys. 6./., doth. 




Dentistry. 

MECHANICAL DENTISTRY. A Practical Treatise on the 
Construction of Ilie varioas kinds of ArliQcial Denlures. Com- 
piling also Useful Formula:, Tibles, and Receipts for Gold 
Pkte, ClEspE, Solders, etc., etc By Charles IIunter. ijeoonfffl 
Edition, Revised ; including n new chapter on the use of Celluloj * 
With over lOO Engraviogs. Crown Svo, 71. hd., clolli. 

DubUnJiHrnalifMidlcat'Scirnit. 

Electricity. 

A MANUAL of ELECTRICITY; including Galvanism, Mag. 
netism, Diamngnetism, Electro-Dynamics, Magiicto-EIectridty, ai ' 

the Electric Telegraph. By Henry M. Noad, Ph.D,, 

Fourth Edition, with 500 Woodcuts. Svo, l/.4r. doth. 

Text-Book of Electricity. 

THE STUDENT'S TEXT-BOOK OF ELECTRICITY. By 

Henry M. Noad, Ph,D., F.R.S., Ac, New Edition, Revised. 

Withan Introduction and Additional Choplera by W. H. PREBU, 

M.I.C.E., Vice-President of the Society of Teli^^raph Eogineen, 

&C. With 470 Illustrations. Crown Svo, lis. &I. cloth. " 

" A lEflei of the uiiting lUle of EJcclnial Science adaptnl for itiid 

W. H. Pkmc, EBi.,Yide"lBi™liiclion." _ 

"Wc CIO recorumcnd Dc. Noad'i book far dev Ujrle. grFU twQge of cuW<>% 4 

good index, and a plcthoja of ivoodcutv Such coLlectiooi u the prcHiit are inoa-g 

" An admirahtE texI-hDuk for eveiy EludBnt—heEuma or advvicfd— of electndty.' 

"Recommended |g snidenli u one of the benieil bouki db the subject ihit Iher 

of lelesraptiic, telephonic, and eJ 

" Under the ediroria] hud of 

Ifidty ha^ grown LhTo on adnural 

Electric Lighting. 

ELECTRIC LIGHT : lis Ptoduclion and \5se, embod; 



lying 
Directions for the Treatment of Voltaic Batteries, Electric L[ 
and Dynamo-Electric Machines. By J. W. UhquHart, C.E., 
Author of "Electroplating." Edited t^ F, C. Webb, M.I.C.E., 



luioi^^l 

Mag. 

F.C.S.-^J 

Bt 
<ed. 

*»■" I 



M,S,T.E. and Edition, CaiefuUy Revised, with Large Addiiii 
and 12S Illustrations. Cr. Svo, 71. ftd. clolh. 

" An importuil addJiiDn tn the IJtenmre of the eleciric 
iLibjeci ihoidd not fail to read 'vC.-Cailitry GitnrJiafi- 

Lightning. 

THE ACTION ol LIGHTNING, and the MEANS of I 
FENDING LIFE AND PROPERTY FROM ITS EFFE" 
By Major AitTHUK Pabnbll, R.E. iimo, 7/. fid. cloth. 



' the ben uTiienonlhe lubjeci in the EngliihlanguaBe,"— ^/Abmoiw. 
'^The WDtlt ciimpT\v*i%\\\nat UactunJlyJuiowbon (be 9ubieci.''^^dBadt 
" Maior Partiell't mtaiuttt Me 'Ois.i ™. Coe ™«iu. of " » 

fftriiiirt of faew wi ^nw^esanHH** wi.vM!Mi*«V! 
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The Alkali Trade — Sulphuric Acid, &c. 

A MANUAL OF THE ALKALI TRADE, including Ihe 
Mulufaclure of Sulphuric Acid, Sulphale of Siid», nnd Blcncliiiig 
Powder. ByJoHNLoMU, Alkiti ManuTicturec. Withaja lUii'.- 
tralioDE and Working Drawings, uid containing 386 pi^ei of text. 
Super-royal Svo, z/. iii. 6d. dath, 

Tto ^Btrktmida (1) a C„KiiUU HaidlaekfirinUmliMg Aikali ami Sn^Auri, 
AtiJ Mamn/arlKrm, endfsr Oisst airraj^ i<i lUlJIrld ti^ir diiirw ts imfrcfi tktir 
/«m*. trtubKinnlfTactiraUyacfiutinlniwitk llulallllfrKCIiiriaHddci-rhlHurHll 
^l^lradi: |l) a Hiuuiy Volumt tuAiik Msm^lurm tan fsl inln t/it liandl •/ 
Ihtir Managm ami Fertmen m a hs^uI fuidt m tkrir daily ratvidi ^jHtj. 



Chip. I. Choice at 
Flu of W«lu-II. S 

IIL Recomr of tic .— 

pDUDds. and THataiBil at Small Pvrila 

"" - - li C«1bi~ " 



"The lulhoi hju EivCD Ihe (i 



LtxU- 



IX. CarbotutbiE or Finithi&c— X. Sodi 
CryBuLi — XlT^fiiKd AlCali ~ Xll. 
CuBii: Soda — XIII. Bii^ibDnilE of 
Soda — XIV. BIcBchiii Pi'odcr— XV 
UtJI!u(uwar'riiDkWut*-XVI. C,catn.i 
Remailu— Fd»> Appmdic«, ticiliog of 
Vieldi, Su1|i].uru AcU OiloiUiLani, Ani^- 



urunioiL Every uep in th^ 
th« rtcbnical detaili of this t 



IMp-making. 
THE ART OF SOAP-MAKING. 'A Practical Handbook of tho 
Mtnufacliire of I^Inid and SoA Soaps, Toilet .Soaps, &c. Inclading 
Descriptions of many New Processes and a Chapter on Ihe Recovery 
of Glycerine (rom Waste Leys. ByAr.EXANDKR Watt, Aulhnr 
ft(" Elect rn.Mftal 111 ^ Practically Treated," &e. 
[N>.,rly ria,ly. 
kemical Analysis. 

THE COMMERCIAL HANDBOOK of CHEMICAL ANA- 
LYSIS ; or Practical Instructions lor the dcleraiintttion of the In- 
trinsic or Commercial Value of Substances used in Manufactures, 
in Trades, and In the Arts. By A. Normandv. New EdUka. 
Enlarged, and to a great extent re-written, by Henry M. Noau, 
Ph.D.,F.R.S. With numerous Illustrations. Cr. Svo, izj.Cr/.doili. 






la Ihc pharmac«u^ol pTi 




Dr. Lardner's Mttseum of Science and Art. 



THE MUSEUM OF SCIENCE AND ART. Edited by 
DloKvsius Lardner, D.C.L., formerlr Professor oT Nstunl Fbi- 
losophy and Aslronomj In University College, London, Wilh up- 
wards of 1200 Engrivinei on Wood, In 6 Double Volnmes. 
Price £l 11., In a new and elegant cloth binding, or handsomdjr 
boimd in lialf morocco, 31/. W. 



wich whkh thE h 



jn Ihc bllicC 

"Achcupuid nxnitini publim 
live powers and a popiuaritylc ota 



Ic publialion ban besi Brinwii, 



caliihleied fiiLh will meccinth 



■ Mmeum of Sci™ 



LcioDliAc IcHwIedge, c 



■o iht Sdcnliiic InEtructi 



d An' ii [he mut 



HiudenlOe id£c~ 
ibihatJon Ihu ^ 



Ly and beauty of the Dlustmior 



"Whelhirwe c 
Ibera it budly Id 



*/ S/f'aralc hesb formfd ficm Iht abgve, suitahle for Warkmti^tM 
Libraria, Science Cliuia, &Y. 
COMMON THINGS EXPLAINED. Conlaining Air. Earth, F 

Water, Time, Man, the Eye, Locomotion, Colour, Clocks s 

Watches, &c. ^33 lUuslralbtis, cloth gilt, y. 
THE MtCROSCOPE. Containing Opiical Images, Mnsniffij 

Glasses, Origin and Description of the Micmscnpc, MicroseoB 

Objects, l)ie Siilat Mictosccipe, Microsc'i).i<: Dciwing and Engn 

ing, £.c. 147 IMuntratinna, rioth gill, r 
POPULAR OEOLOGY, Conlaining Earthq.iatea and Vokan 

the Crust of the Earth, etc 301 Illust rations, cloth gilt, 3/. Gd^V 
POPULAR PHYSICS. Conlaining Magnitude and Minutenes*, a 

Atmosphere, Meteoric Stones, Pfipnlar Fallacies, Weather Pm 

iiosttd, the Thermometer, the Barometer, Stnind, &c. Sc IT^ 

trations, cloth gilt, !•- " 

-\D ITS U 

!, and StcaiuNai 
POPULAR ASTRONOMY." Conlaining How I 

Heavens. The Earth, Sun, Moon, Planets. Ijght, Cmi 

Eclipses, Astronomical Influences, && 183 Illustrations, 41. ( 
THE BEE AND WHITE ANTS: Their Manners and Ilah 

With Illustrations of Animal Instinct and Intelligence. 135 Illun- 

Irations, cloth gilt, 21. 
THE ELECTRIC TELEGRAPH POPULARISED. To rcndec 

intelligible to all who can Read, irrespective of any previous Sdi 

tiiic Ad^wnments, the various forms of Telegrapbf in Actl 
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Dr. Lardnei's Handbooks of Natural Philosophy, 

*.* TJu/tOtwiiiffivtveliimii, tUtuek tatk is CtmfUli m UhIJ, imd te i€ fitr- 
'*amltMraitl3i,farm A COHruTB Couisa ot NjiTUUt. Phiuiwi-hv, nnJart 
inirmAJ/ffr lAd grtural nadtr vhf dtjhtJ iff alt^in tt^cnratK kmn'Uligg ^ fV 
inrwm Aparimnli tf Phyiiail Scinut, m'llleHt fvrimiite l^tm amm/itit '' '^ 
^«. d«,&.«.v ^,/ImJ, ,f .-i/iftiuUKal imfiHratimi. Tlu 'lylr it ilxdreiii/r 
Bt'i aim In tuffif Mnrua/i mi la art rrfuinJ fy 



fspvlar. n All hrtn l>a 
llu SiHjfaf, tkt EifiHtrr 

THE HANDBOOK OF MECHANICS. EnkrEcd and timott 
rewiitten by Benjamin Lobwy, F.R.A.S. With 37S Illustra- 
tions. Po5i Bvo, 61. cloth. 

"Tke pmpicuiEr of the anguul has been reUmed. and chaptcri which luut 
become obuleLe. have been replaced by othen of more modem character. The 
explaiuliDii* throushout are KuditiuiZr popular, and care hai been taken 10 \hDw 
tbe applLcaLiDD at ihe varioiu branchea of phyu« to Che industrial an^ ami to 
tbcptacucal buuneu of lire."— J/inrxf 7i»n.i/. 
THE HANDBOOK of HYDROSTATICS .nd PNEUMATICS. 

New Edition, Revised and Enlarged hy Benjamin Loewv, 

F.R.A.S, With 336 Illiutrntiotii. Post 8vo, 5*. cloth. 
" For thoie ' who detirq to att-ain an accuntle kiw*ledee of p^r&cal icieDca with, 
out the pfofound methodE of oiathetnatjcal inirutigHIioQ/lhii wtitk is not merely in. 
tended, tut wcU idapled."— C^tmiVji/ AVuii. 
THE HANDBOOK OF HEAT. Edited and almost entirely 

Rewritlen by Benjamin Lobwy, F.R.A.S., etc 117 Ulustra- 

Uons. Post 8vo, fo, cloth. 

Hiuy daudioeu ot iutkuif dcutu behiad."— £i>^/jtfrnrf^. 

THE HANDBOOK OF OPTICS. New Edition. Edited by 
T. Olver Harding, B.A. 398 lUustrntioDi. Post 8vu, $1. cloth, 

dlinuj?ed™- J//rL»(£l- «,^naiW * "''"' , " T" e y 

THE HANDBOOK OF ELECTRICITY, MAGNETISM, and 
ACOUSTICS. New Edition, Edited by Geo. Carey Fostek, 
B,A,, F.CS. With 40a lllusiralions. Post 8vo, 5/. cloth. 



■' The hook toiilj not 

([ M ths pniicDi out 
r. Lardner. 
THE HANDI 
pinion to the " 
sius Lardner, 
Edwin DirNKi 
38 Plates and 1 
550 pages, 9J. 6 
ProbahlT no other I 



ntifclino, 



•Pgfular 



Lardner s Handbook of Aslroaomy. 

THE HANDBOOK OF ASTRONOMY. Formii^ ■ Com- 
pinion to the "Handbooks of Natural Phitosophj'," f^ DlONY. 
SIUS Lardner, D.C.L. KouMh Edition. Revisednnd Edited by 
Edwin DirNKiw, F.R.S., Royal Ohservnlory. Greenwich. With 
38 Plates and upwards of 100 WooiIcnK In I vol,, small Bvo. 
550 pages, gi. (nl., cloth, 
[^bahlr no other book cenlaiiu tlie uuie aiuouDI of iurormation 111 to coin- 

Id velt-uriDEed ■ fonii -certain ly none at tlie pri« al Khkh lhi> i> 

le puMic."— jf/^rmrnm. 



Dr. Lardjier's Handbook of Animal Pastes. 

THE HANDBOOK OF ANIMAL PHYSICS. By Da. 

Lardnrb, With 520 lllustralinna. New edition, small 8vn, 
doib, 731 pagw, ys. 6<f. 



liiUyte 



~F.rf..t 



a6 WORKS IN SCIENCE AND ART, ETC.. 

Dr. Lardtuy's School Handbooks. 

NATURAL PHILOSOPHY FOR SCHOOLS, ByD«.L*iU>Mli- 

31S lUustralions. Siitli Editian. t vol 31. 6/ datli. 

tr PhyS^daiCf."— ^rEu* Qs^rtt^ly Rfrita. 

ANIMAL PHYSIOLOGY FOR SCHOOLS. By Dh. Lardneh, 

With igo lUuslralians. Second Edition. 1 vol. 31. id, cloth. 
"QeirLy vritten.n cU amazed, piulckcvlknlly ill EL^Inl4^ii-"—C'Vf/4ni/i^'CApffru/< 

Dr. Lardners Electric Telegraph. 

THE ELECTRIC TELEGRAPH. By Dr. Lardnir, New 
Edition. Revised and Re-wrilten, by E. B. fiRI(;ilT,F.R.A.S. 

140 nluslrations. SmiU 8vo, zi. bd. cloth. 
•■ One of the most todjble book* eiHnt on the Eleciric Telijraph."— ^ik. M/rkimr 

Molliisca, 

A MANUAL OF THE MOLLUSCA ; being a Ttesliw on 
Recent and Fossil Shells, By Dr. S. P. Woddwahd, A.I-S. 
Wilh AppeiidiKby Rawh Tatb, A.L.S., F.G.S. Wilh niun«. 
ous Plates and 300 WnndcnU. jid Edition. Cr. Svo, 71. 6aC dolL 

Geology and Genesis. 

THE TWIN RECORDS OK CREATION ; or. C.eoloty « * 

Genesis, their Perfect Honnony and Wonderftil Conoar£ ! 
Gkohgb \V. Victor leVaux. Fcap. Svo, 51. cloih. 

*^ A TftLuAble cohtribtitinn lo thv evidence of nvelation, adiJ diipeta to 
No rul diBcuJiv i" Jluiked, and no 5ophi!iry k left unKpoMd."— TAf Xa 

Geology. 

GEOLOGV. PHYSICAL AND HISTORICAL: C. . . 

of " Physical Geology," irhich sets forth the Leading Priu^pli 
the Science; and "Hislorical Geology," which Irealsaf the M' 
and Organic Gondii ions ofthe Earth It each successive epoch. e~ 
reference being mnde Ici the Brilibh Series of Rocks. B]r ' 
Tate. Wilh more than 250 llluil rations. Fcap. 8to, 5, 

Practical Philosophy. 

A SYNOPSIS OF PRACTICAL PHILOSOPHY. 
John Carh, M.A., late Felluu ai Triii, Cnli., Camb. iSoi 

The Military Sciences. 

AIDE-MEMOIRE to Ihe MILITARY SCIFJJCES. 
from Contributions of Officers and others connected wilh theig 
ferent Services, Onginally edited liy a Commillee of the Coipl 
Roval Engineers, and Edition, revised ; nearly 350 EngnAi 
and manyliundrcd Woodcuts. 3 vols, royal Svo, cloth, 4^ ioa 

Field Fortification. 

A TREATISE on FIELD FORTIFICATION, the ATTAi 
of FORTRESSES, MILITARY MINING, and R 

NOITRING. By Colonel I. S. MACAUI.AY. Ute Pro 

Fortification \iv Wit ?L.M. A., Wottlwich. Sinih Edirion, c 
Svo, doth, w\li» s«(a.ra.\e K\iaa ol \» YiM.*!., \ij, ^nw?tele. 
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blocks, Watckes, and Bells. 

RUDIMENTARY TREATISE on CLOCKS, luiJ WATCHES, 
and BELLS. By Sir Edmund Bkckrtt. Bart., LL.D., Q.C., 
F.R.A.S. Seventh Edition, revised and enlarged. Limp cloth 
(No. 67, Weale's .Series), 41. 6rf.; d. bdi. y. 6J. 

"Ibc be» work an ihe lubject ubnl. Tie Ircalw en belli ii unJoiililedly 
Ibe bcu in the iMDguage, "^^A^h/rrr n^. 

" 'JTw oolv mtklHn Irealise on clocfc-maliiDg."— //ow J«iVrt/ yuKrHa/. 

7'>4^ Construction of the Organ. 

PRACTICAL ORGAN-BUILDING. By W. E. DlCKsON, 
H.A., Precentor of Ely Cathedral. Second Edition, reviKii, with 
Additions, izmo, y. oloth boards. 



Brewing. 

A HANDBOOK FOR VOUNG BREWERS. By Herbbrt 
Edwards Wright, B.A, Crown 8vo, 3x. W. cloth. 
" Wf wDuJd pdrlLcuL 

Dye- Wares and Colours. 

THE MANUAL of COLOURS md DYE- WARES: their 
Properties, Applications, Valuation, ImpuritieB, and Sophlstioitiaiit. 
For the Use of Dyeis, Printers, Drysdtets, Brokers, &c By J. 
W. SUTBH. Second Edition. Crown Svo, Is. 6d. cloth. 

Grammar of Colouring. 

A GRAMMAR OF COLOURING, applied to Dccoratire 
Painting and the Arts. By George Field. Netv edition. By 
Ellis A. Davipson. iimo. y. &/, doth. 

Woods and Marbles {Imilation of). 

SCHOOL OF PAINTING FOR THE IMITATION OF 
WOODS AND MARHLES. as Taught and Practised by A. R. 
and P. Van dkr Bltrr, With 34 rulT-siie Coloured Plates ; also 
12 Plain Plates, c<)iDpriaine)54Figarei. Folio, il. tli, 6d. bound. 
•' Ihe t>ouk »[|] t.e iitefully >tud;nlb)tlltib«e vihoiniiliic wiud.'^ init mublci. 

Pictures and Painters. 

THE PICTURE AMATEUR'S HANDBOOK AND DIC- 
TIONARY OF PAINTERS ; A Guide for Visitors to Picture 
Galleries, and Tor Art-Students, including metliodi of Painting, 
Cleaning, Re-Llning, and Restoring, the Principal Schools of 
Painting. With Notes on Copyists and Imitators of each Master. 
By PHitirPK Dahyl, B.A. Ct. 8vo, \t. dnth. 



*8 WORKS IN SCIENCE AND ART, ETC., 

Delamottis Works on Illumination df Alphabets. 

A PRIMER OF THE ART OF ILLUMINATION ; for the 

use of Beginners ; wilh a RudimenUry TreiUsc on the Art, Prac- 
tical Direclions for its Exercise, and numerous Examples taken 
from Illuminated MSS., pnnted in Gold and Colours. By F. Dsi>- 
MOTTE. Snmll 4(0, 9J. Elegnatly bound, cloih antique. 

jud^meul Pud kaDvled^c, a& *eU u Uit^"—AtAtiiaiim. 

ORNAMENTAL ALPHABETS, ANCIENT and MEDIEVAL; 
from the Eighth Century, with Numerals ; including Gothic, 
Church-Tcit, German, Italian, Arabesque, Initials, Monognms, 
Crosses, &c. Collccled and engraved by F. DblAMOTTK, and 
printed in Colours. Tenth and Cheaper Edition. Rojml Eva, 
oblong, IS. 6d. ornamental boards. 
■' For ihoKwho iiuen mamiUed •enlmces round jildod chalicei, irtio bUion ihufi 

legends over ahop-doon, vho IctlEr church Wblll vilh pithy tenEcDca from t&e 

Decjlofuc, Lhitbdok will he lucfuL" — AtMtitmiim, 

EXAMPLES OF MODERN ALPHABETS, PLAIN and ORNA- 
MENTAL ; including German, Old English, Saxon, Italic, Per- 
spective, Greek, Hebrew, Court Hand, Engrossing, Tuscan, 
Riband, Gothic, Rustic, and Arabesque, SiC, Ac Collected and 
engraved by F, Delamotte, and printed in Colours. Eighth and 
Cheaper Edition. Royal Svo, oblong, 2j. &/. orauncntal boards. 
** There ia comprised iq it every passible shape into which (he Icltcnof the alphabet 

MEDIEVAL ALPHABETS AND INITIALS FOR ILLUMI- 
NATORS. By F. Delamottk. Conuining 11 Plates, and 
Illuminated Title, printed in Gold and Colours. ^Vith an latni' 
duciion by /. Willis BkoOKS. Small 410, 61. cloth gilt 

THE EMBROIDERER'S BOOK OF DESIGN ; eoBtainins Iniliais, 
Emblems, Cyphers, Mcnogranis, Ornamental Borders, Ecdesiu- 
tical Devices, Medizval and Alodem Atphaliets, and NaUonal 
Emblems. Collected and engraved by F. Deuimotte, and 
printed in Colon Rt. Dhlong royal Svo, I t. &/, ornamental vrrappcr. 

Popular IVork on Painting. 

PAINTING POPULARLY EXPLAINED; w.lli liUlorlLil 
Sketches of the Progress of the Art. By Thomas John Gninct, 
Painter, and John Timbs, F.S.A. Fourth Edibon, revised and 
enlarged. WithFrontispleceandVignetle. InsmallSvo, 51. &/. clulh. 

*/ TSit Work ho! bftn adofttd as a Pracieei in tht Sekeeli 
Art at South JCeminxlPi. 
"ConbiDt a Lu^reimcnnlof onK^oAlBiatler.iffreeaUy convered.*— ^v^.Crr. 
" Much may be leimed, eTep by those who fsnicy they do not require (o be laitfr.i. 
Iiooi IhttarefulpenisiJofthijQnpreleodliiBbiilcoiaiHeheBMvetfeatiit' — Arljr-".!. 

Wood- Carving. 

INSTRUCTIONS In WOOD-CARVING, for Amateua; »i:l. 
Hints on Design. By A Lady, In emblematic wrapper, tanii 
somcly printed, with Ten large Plales, zi. bd. 
" The handicTift of l)ieWDa&.tine,vi«t>\uib>Kliciii inipitl it. may be hn- 
L Imn ' A Lades' vmUicaUQBV— AlRrMVHi, 
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AGRICULTURE, GARDENING, ETC. 
Wintaii and Sum's Complete Grazier. 

THE COMPLETE GRAZIER, luidFARMER'S and CATTLE. 
BREEDER'S ASSISTANT. A CompcDdium of Hosbasdry. 

By WlLLtAM YouATT, Esq., V,S. lath EdiUon, verj con- 
Eiderably enlarge!, and brought up to tlie present tequiremenls of 
agricultural practice. By Robert Scott Burn. One Ur^ Svo, 
volume, 860 pp. ivith 144 lUustrationi, 1/. 11. half.bound. 

*' TTh ■U41(Urd and teat-l»olc. wilh lliff fancH- Bad gnuin."— J'ji^THrr'j MagaEwr. 
"Atroluc which wiil remjiin i. aiandard waik oa llie subjccl uIddj u^nlUi 
»gncultu™ ctiiiiia."— Mark Loot Exfrtti. 

History, Structure, and Diseases of Sheep. 

SHEEP ! THE HISTORY, STRUCTURE, ECONOMY. 
AND DISEASES OF. By W. C. SpoOneb, M.R.V.C, 4c. 
Fourth Ediliou, wilh fine engravings, inclading specimens of New 
and Improved Breeds. 366 pp., 4J. cloth. 

Production of Meat. 

MEAT PRODUCTION. A Manual for Tro-iucers, Dislribulois. 
;iQd Consumers of Butchcn' Meat. Being a treatise on meaps ol 
iocreaaine its Home Production. Also Ireatini- of the Breeding, 
Kearine, Faltening. and StauKhtering of Meat-yieliiine Live Stock i 
Indications or the Quality, etc. ByJoKNEwAKT. Cr.Svo, ;j.duth, 

thDUihlfuTcDiuderiUoD al the piwnt limc'-iUrAC ««/ Fmiiam Tm<U( Rfi-itiv. 

Donaldson and Bum's Sudurbati Farming. 

SUBURBAN FARMING. A Treatise un Ibe I-iying Out and 
Cultivation uf Farms adapted to Ibe produic uf Milk, Butter and 
Cheese, Egg», Poultry, and ^^ ^y Ihe late Frofessar John 
Donaldson. With Additions, Illu:>Iratin|' the more Modem Prac' 
[ tice, byR. Sl-o-it Bubh. unio, 4J. clotn boards. 

Wnglish Agriculture. 

' A TEXT-BOOK OF AGRltL'Ll URF. (THE FIELDS OF 

GREAT BRITAIN), adapted to the SylUbuti o[ the Science and 

Art Department. For Elementary and Advanced Stuilenti. By 

Hugh Cli^Ment^ (Board of Trade). With an Introdnction by 

. H. Kaihs-Jackson. iSmo, it. 6J. cloth. 

* * -'—rlrwrilladtscripliDii of Ihe ordiniuyrauliiieottuiiliiih brill life."— /.Ana. 
Julty vHncn iul-lx»k dT Agricullun. "—AltiinmiH, \Enittmiit 

m comptehtlmve vnliimi:, giving ■ mui of infomialioo. "— ^<im*/i'H<». 

•■ Famdng. 

OUTLINES OFMOUERN FARMING. By K. Scon Buiu*. 
Soils, Manures, and Crops— Farming and Fanning Economy — 
Cattle, Sheep, and Horses— Management of the Dairy, Pigs, and 
Poultry— Utilisaliau of Town Sewage, Irrigation, &t. Sixth 
Edition. In I voL 1350 pp., half-bound, profusely illustrated, iz.. 
— • " -cut lutcd wichui Ihe Umiii of thii ti«aitie lo ptntnt a fumei 
ig in iny of bii openlioni."— 0*«r»w. 



30 WORKS IN AGRICULTURE, GARDENING, ETC., 

The ManagemetU of Estates. 

LANDED ESTATES MANAGEMENT: Trealiny ol Ihf 

Vaticlies of Lands, Methods of Funning, Fscm Buildiog, InigatiDTi, 
Diainige, &c. By R. ScoiT Burn. t3mu, 5/. dolh. 
" A cDDipkic bid compfchetiuvc Dullipe of IhG duLies tHmitiiDiM to thtmuu^^ 

The Management of Farms. 

OUTLINES OF FARM MANAGEMENT, and the Oi^sniia- 
ttOD of Farm Labour. Tiealing of Ibe General Work oTlhc Farm, 
Field, and Live Slock, Details ol Contract Woik, Spectiilties of 
Labour, Economicil Management of ihe Fannboiue and CoItiRc, 
Domestic Animals, fit. By Robbiit Scoii Uurv. iimo, ji. 

Alanagement of Estates and Faiins, 

LANDED ESTATES AND FARM MANAGEMENT. Pf 
R. Scarr Bitrn. (Tlie above Two Works in One Vol.) df. 

Hudsotis Tables for Land Valuers. 

THE LAND VALUER'S BEST ASSISTANT. b.rine Tkblei, 
on a very rondt itnpFoved Plan, for CalculRtine the Vain* ol 
Estates. With Tables for reducing Scotch, Irish, and Frorindal 
Customary Acres to Statute Measure, &c. By R. Hudson, C.E. 
New Edition, royal 3imo, leather, gilt edges, clastic liand, 4/. 

Ewart's Land Improver's Pocket-Book. 

THE LAND IMPROVER'S rOCKETBOOK OK FOR- 
MUL-«, TABLES, and MEMORANDA, reiiiiired in taj Com- 
putation relating to the FErmanent Improvement of LandM fti — 
perty. By John Ewart, Land Surveyor. 32nio, leather, 41. ; 

Complete Agricultural Stirveyor's Pocket~Booi, 

THE LAND VALUER'S AND LAND IMPROVER'S C"" 

PLETE POCKET-BOOK ; consistiriE of the above tvro » 

bound together, leather, gilt edges, with strap, ^s. 6J. 

'' WeCDDudfT KmboD'i book tobe th« beat nady-redioncj on malla 

the vBluition of LiDd and cropih wa have ever tecQ, and ill coatjioBlic 

Ilwui'i vork greatly enhucotbE vilix and UHAilBeKor Ihcbuer-m 

liitinvIuierDluaiiuauAlfdc rtlvvtce-'^Ntrtk t/ SntlaM^ farm 

Grafting and Budding. 

THE ART OF GRAFTING AND BUDDING. ByCllAH, 
Baltet. Translated from the French. With upwards of |{ 
UJustraiionii. I2inc, ^r. cloth boards. 

Culture of Fruii Trees. 

FRUIT TREES, the Scienlihc and Prohtabie Culture of. 
eluding Choice of Trees, Planting, Grafting, Training, ReitoML 
of Unfruitful Trees, &c, From the FrcnchofDu Bkcuil. Fm 
Edition, revised. With an Introduction by George Glennt. 41^ 
"" Tlie book ttuchii ho« lo pmiH urn! Irain ftiiiMieci lo ptrftaion."- FitM. 

Potato Culture. 

POTATOES, HOW TO GROW AND SHOW THEM; I 

PiacUcal Giu4« \o ftic CBl\wtt\.\Mi and General Treatment t)f ■ 
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PUBLISHED BY CROSBY I.OCKWOOD & CO, 31 

Good Gardening. 

A PLAIN GUIDE TO GOOD GARDENING; m, How lo 
Grow Vegetables, Fruits, and Flowers. Wilh Practical Notes on 
Soils, MaDutes, Seeds, Planling, Laying-ont of Girdens »nd 
Gnmndi, &c. By S. Wood. Third Etiilion. Cr. 8vo. 51. cloth. 
"Avery £d«] book, And one lo be highly rrcommcndcd ai ■ pnctical Eoidfl- 
Tlui pJacucfll dittclioas Alt c!tt:i\ival."—AtkrH,eitm. 

Gainful Gardening. 

ML'LTUM-IN-PARVO GARDENING! oi, How lo mike One 
Acre of Land produce /'620 a year, by the Cultivation of Fruits 
and Vqjelibles ; also, How lo Grow Flowers in Three Class 
Hooses, «>astoreB]ise;^'l76[>er annum clear Profil, By S^MUKt 
Wood, ltd Edition, revised. Cr. Svo, 21. ctoth. 

iclliii[Ei:ainineiidil u nU onVy iuilEd to the cue of llie miutnii ud 

Gardening for Ladies. 

THELADIES'MULTUM.IN-PARVO FLOWER GARDEN, 
and Amateur's Complete Guide. By S, Woon. Cr. Svo, 31. 6^. 

Bulb Culture. 

THE BULB GARDEN, ur, How lo Cultivale Bulbous and 
Tuberous-rooted Flowering Plants lo Perfection. By SAMUKL 
WooU. Coloured Plates. Croivii 8vo, jj. 6rf. dotli. 

"ree Planting. 

THE TREE PLANTER AND PLANT PROPAGATOR: 
A Practical Manual on the Propa^tion uf Forett Trees, Finit 
Trees, Flowering Shrubs, Flowcnng Pl.tnts, Pol Herls, &c. 
Numerous lUuslraiions. By Samubl Wood, i2mo, 21. M. cloth. 

Tree Pruning. 

THE TREE PRUNER : A Practical Manual on the Pruning of 
Fruil Trees, their Training and Renovation ; also ihc Pruning of 
Shnibs, Climhers, &c. By S. Wood. limo. sj. 6d. clolh. 

Tree Planting, Pruning, & Plant Propagation. 

THE TREE I'LANTER, PROPAGATOR, AND PRUNEK. 

BySAML-El. Wood, Author of "Good Giirdening,"&c Consisliiig 
of Ihe above Two Woiks in One Vol., 51. half-bound. 

Early Fruits, Flowers and Vegetables. 

THE FORCING GARDEN: or. How 10 Grow Early Fruiu, 
Fbweib, and Vegetables. With I'lans and Estimates for Building 
Glasshonses, Fits, Framo, &c. By S. Woon. Crown 8vo, y. W, 

Market Gardening, Etc. 

THE KITCHEN AND MARKET IjARDEN. By Con- 
Iribulors lo "The Gaiden." Compiled by C. W. Shav-, Editor 
of "Gartleiung lUusiraled," iimo, jj. W. d, bds. 

Kitchen Gardening. 

L KITCHEN GARDENING HADE EASY. Showing Uow to 
prepare and lay out the ground, Ihc best means of eullivalingcvenj 
known Vegetable and HciU.ele. a-y^.W.Y.r 
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'A Complete Epitome of tJu Laws of this Couulty. 

EVERY MAN'S OWN LAWYER; a IIandr-Bc«k of thePrin- 
ciples of Law and E^juily. By A Barhsteh. New Edinwi. 
C'uircded to the end of last ^c^ion. Embra.cinc upwards of 
3,50a SlatemcntE on Poinls of Law, VeriHed by tGe uJdjEinn of 
Noles and References id the Authoricifs. Cidwh 8vd, cIoIL, 
price 6j. %d. (saved at every consultation). 

COMFKISINGTHE RIGHTS AND WKONGSOF INDIVCUt'ALS, MERCAMTILE 
AND COMMERCIAL L< 



_i Divorce— Elic- TusFA. 

TIOHS AMU BuclSTHATiaN— IHSUKAMCI Of La) 

— U«K1, AND SijiHDaa— MoiTGAaai- I and Ac 
A1h> Liir for Landlord ud Tcnut— 1 Vcndm 
Muler and Servant— Workmoi and Ap- - 
tirenticb — Hein. Dcvucc«. aud L^a- 1 

- EieciKon I fiaaben 



a, arc.— TaAMsraa 



-Guajt 



L^a- vrudcds — Msdieal Practiiuwfin. Ac — 
1 1 fiaaben— Fumcn — CoBlra(lii»-Si«l 

- I utd Share Broken — Spcmsneb and GunC' 



ud Mw 



— Purduun a 



thomttnlf 

UODslH 
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'■ No BngUihrnan ouglit to be willi 

"What It prnTaKsta be— ■ complete cfniono of ihclawioftb 
inUUigiblc La nan-prDfeisiijiut Radci^ The boolc is a hnndy or 
uhen Hune knotty l>ainl lequlrci ready iM\u\\on."—Btiri Lift. 

■' A uicfol and couciH: epilDnie of ihe law,"— iniB J/jfnjiri 

Auctumeef^s Assistant. 

THE APPRAISER. AUCTIONEER, BROKER, IIOUI 
AND ESTATE AGENT, AND VALUER'S POCKET Al 
5ISTANT, for the VaJuation for Purchase, Sale, uT Reneml of 
Lcues, AnnuitieB, and Reversions, and of pioperly gaunUj; 
with Prices for Inventories, &c. By JoHN WHEKL811. ^Dcr. ftc 
Founb Edition, ealuged, by C Nonjtis. Royal 33010, clt^ ~ 
"A concise book of lefenaco, cobtalninc ■ cleotfv'jinanACd lu( ~' ~''~ ' 
favealoiiH, a practical guide lo determine the viJue of fii 

Auctioneering. 

AUCTIONEERS ; THEIR DUTIES. AND LIABILITY 
By RoBbK'i' Syliiuu^, Anctianeet. Demy Svit, lar, 6d. dotfa. 

House Property. 

HANDBOOK OF HOUSE PKOPERTV ; a I'a^ai 

Ileal Gmdc lo the Purchase, Mortgage, Tetiauty, and Colnpu__ 

Sale of Houses and Land ; including the Iaw of Dilapidalicus M 

ELdures, &c. By E. L, Tarbuck. Jr.lEiiiL llmo, Ir. &/. dj 

"We are ilail Id be able 10 recomineiid il"-BMiU,r. 1 W,rf MrMbfl 

'■ The ad«cebih(mKi^ly practical."—-/-""' T-""""'. " ^ T 

Metropolitan Rating. 

METROPOLITAN RATING t a Summary ol the Am 
heard before the Couit of General A&scismcnt SesMotis al IN 
minster, in the years 1S71-S0 inclusive. ConlainiiigaIii|eBi 
of very va\uable tnfomialiou with retpecl to the Rating of R 
ways, Gasvmd.'*'W.e'i«otV»,'\'mxo.'«j.')v'*>'tiarves, Public Htm 
&c. By Ei>vv*.»Ti 3.114 ?i..\..'ft.-ro^^-<Q.\7- >-' 
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LONDON, 1862. 
THE PRIZE MEDJ 

Wai in.ii^lcj to the Publishm t 

"WEAirs SEBIES." 



A NEW LIST OF 

WEALE'S SERIES 

PDIMENTARY SCIENTIFIC, EDUCATIONAL, 
■" AND CLASSICAL. 





E'S SERIES includes Texl-Bogka on almoEt every branch ol 
Industry, comprising sucb subjects as Agriculture. Architecture 
g, Civil Eaginsering, Fins Arls. MeclianicB Bnd Mechanical 
I. PhTsical and Chemical Science, and many miscelJaDeous 
Tbe wbole are constantly undergoing revision, and new edition], 
np to the latest discoveries in sclentitic research, are constantly 
Ise prices at which they are Eold are as law as their excellence is 

■Amtritan Lilerary Gaitttt. 
_tt tbe literature of technical edacaiion, WeAi.e*s SERiB&bas ever 
a higb repgtstion, and the additions being made hy Messrs. CsosBV 

& Co. render the series even more complete, and bring the infor. 

m the several subjects down to the pcesent time.'*— JKininfi 

It b impossible to do otherwise than bear testimony to the value ot 
tLZ'S Sbsibs,"— Enfiifir. 
jBrarybody— even that outrageons nuisance ■ Every Schoolboy' — laiowa 
'~~eTit« t>f 'WHALE'S RuDiKitNTAHV SEMES.' Any persons wishing to 
re kDavlAdge cannot do better than look through Weale's Series and 
' "le books they require. The Series is inde«d an mcxbau«tible raine 
T wealth."— rAe Utefrefolilaa. 

'ERIES has become a standard as well ai an unrivalled 
lises in ail branches ol an and scitaser—Puitie OfinhH. 

PHILADELPHIA, 1876, 
i^^ THE PRIZE MEDAL 

ii anardcd to Iho PuLliihcn tor 

' Books : SadimBntarj, Scientillc, 

"WEALE'S SERIES,' ETC. 
CROSBY LOCKWOOD & CO., 

L. stationers' K.iLL COURT, LtUCATE HlLt, tX)NDOK, E.G. 
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weale's rudimentary series. 
WEALE'S RTTDIHENTARY SCIENTIPIC SERIES. 1 



*,' The roTiiniai at Ihia Seria un frevlr Dluitrated witb 
'n'DodcuU, OT otIicrwiK, where icquisjtc Tbiouchout Ihe lal- 
lonlne Lfrt it muil be unddnltwd Ihal the baoki an boimd la 

VIF'^^iJi """" D t «a> "Ab *« luuIU,in,tl^ toum/ im tMM iearit farbi. 

N.B.—r» ordtrimg fnm iUt Litt il it lammtndtd. ei a 

^ ' '^ HMfiicn ajixal /a Iht vsUmei, « rerll ai lit liiiti nHdfnca. 



CIVIL ENGINEERING, SURVEYING, ETC. 

No. 

31, WELLS AND WELL-SINKIKG. By John Geo. SwiXDBLt, 
A.K.I.B.A., and G. R. HuRMiu.. C.E. Hei-i>«1 EdJtian. With 1 Kcw 
Appendix on tbdQaklHiai of Water. lilaitriited. ii. 

35. THE BLASTING AND QUARRYING OF STONE, for 
Buildine mi otbu Fuipoiei. -With Kemark* on the Blawiog up af Bcidec. 
By Gen. Sir John OcitacivHi, Bart., K.C.B. liiuslnted. ii. 6d. 

44. FOUNDATIONS AND CONCRETE WORKS, containing a 
Synopii. of the principal caiea of Fonodation Workt, tc,, Prattlrjl Renurki 
CD Fooliaei, Pfanliing, Sand, Cdncrete, B£(OB, Pilcdrivinc, Calitou. and 
ColTerduiii, Ac. Hr E. DonsDH, M.R.I.B.A. Fifth Editioa. ii. od. 

60. i.^A'Z) .^ATJ ENGINEERING SURVEYING, a Tread** on; 

unib all the Modem ImpronMneati. Bt T. Baker. C.B. Nc» Eaitioa, 

reviled by Ed WARD Kuan HI, C.E. BliutnitedwilfaPtaleiand Diagrami. ti.t 

8o». EMBANKING LANDS FROM THE SSA. With ciamplcs 

and PaRiculan of actual Emhaekmentt,&c. By J. WiODiHS, P.G.S. u. 

81. WATER WORKS, for the Supply of Cities and Towns. Wtib 
a. Dncriptioa of the Principal Geological Fotmatiom of EecUnd u in- 
fluencinE Suppliei of WatiT ; and Detaite of Eoeian and Puiaping "•ftiir-i-f 
far laitiDg Water. By SahuuHuchii, F.G.S.. C.E. Kcw Edition. 41.) 

117. SUBTERRANEOUS SURVEYING, an Eleraentaiy and Prac- 

tical Tnatiie on. By Thomas Fbhwick. Alio the Method of Cot '—- - 
Suhlerraneoui Suiveyi withaot the Tie of the Mistietic Needle, ai 
Modern Improvenicnti. By Tmoma* Bakir, C.E. Illmlraled. at. 1 

118. CIVIL ENGINEERING IN NORTH AMERICA, a S 

of. By David Stivenson, F.R.5.E., &c. Platei and Diaiiaau. ]*. 

167, IRON BRIDGES, GIRDERS, ROOFS, AND OTHi 
WORKS. By FnAHCii Cahfih, C.E. 11. 6d4 

197. ROADS AND STREETS (THE CONSTRUCTION OFi, 
in two Parti; 1. Ths Akt dh CoKiraucnuG Common RoAOs.hy Hmrt 
;Law, C.E.,teTliod by D.K. Clark. C.E.; II. Ricbm Puctici, ieclodiat 
pavcmcntiofStone, Wood, and Aiphalte, by D.K- Clark. i>.6d.t 

S03. SANITARY WORK IN THE Sif A LLER TOWNS AND IN 
VILLAGES. Camprising:— I. Some of the mom Common Fonu oi 
Nniianca and their ReraedTcii i. Drainage : ]. Water Supply. By CuAii.ti 
Slaoo, Amoc. il. Inst. C.E. Second Edition, icviied and cnlarced. ji.I 

sij, THE CONSTRUCTION OF GAS-WORKS, and the lfaiiD> 
facturo and Diitribution of Coal Gai. Originally wrillcn hy SAm» 
Ht'oiiis, C.B. Siilh Edition, re-wrltlen and moth enlarged by WUUAH 
Richards. C.E. With ;> Illusliatioai. 41. bd.1 

113. PIONEER ENGINEERING. A Treatise on the Enginwrine 
Operations connected with the SelllcmeBt of Waile Laodi in Now Coui- 
tn». By Enu-ARD Ddoion, Atwc Init. CE. 4<.6d.t 

' Tkt% t'nditaia fliat Ihest wit. may ti Jiad ilivngly teundalaJ. titm. 

LO^DOW. CB,QSB« V.tK.WlWSQ fcSD CO., 






civil Engineering, Surveying, etc., continued. 
lie. MATERIALS AND CONSTRUCT/ON; A Theoretical and 

I Pnc-lic.lTreali.e op ihc Strain., Deigning, indKreelioB of Work, of Con- 

(tmctioD. By FnA^ns Cahpin, C.E. Second Edition, reriied. ]i.t 
ig. CIVIL ENGINEERING. By Henry La.w, M.lnsI, C.E. 
iDCludixg HvcBAUtic Ebowhbiso by Gio. R. Hubhiij., M.Inrt. C.E 
Scvenlh^Edition, iFviiril, with laige ndJitiooi by D. .Kinh 
33- 






MECHANICAL ENGINEERING, ETC. 

' 33. CRANES, Ihc ConsliucUon of, and other S[achinery for Raising 
' Heavy nodici. EyJoiBPH Gltns, F.R.S. lilu.tralcd. 11. W. 

34. THE STEAM ENGINE. ByDr.LAKDNBH. Hiusttaied. M.6d. 
Sg. STEAM BOILERS : their Constniction and ManaeemenL Bj 

R.Aui;iiioNS, C.E. niuiIrUcd. ii. ed. 

8). THE POWER OF WATER, as applied to drive Flour Milli, 

Md 10 give mtrtion to Turtinu, &c. By Joshph Gi.vhk, F.R.S, n.| 

PRACTICAL MECHANISM, the Elemenls ofi and Machine 

TmI>. By 'F. Bakes, C.E. Wtli Additioni bj J. Kasuviii, C.E. u.»d4 

. TMS STEAM ENGINE, a Treatise on the Mathematical Theuy 

of.wTtliRulidDdEi^impleifoT Fnclical Uu. ByT.BAKEK,C.E.'n.G>J. 

. MODERN WORKSHOP PRACTICE, as applied la Marine, 

Land, and Locainolivc Enginei, Floating Docki, Dicdcine Machinea, 

Bridget, Cra!ici,Sbip-bm1iJing,»c.,fte, ByJ.G.WiinoM. illiuCrated. ji.J 

k>te5. IRON AND HEAT, exhibiting the Principles concerned in the 

'- CaBRTDction of Iran Bcanu. Pillan, and Bridge Girden, and ilie Action of 

Heat in tbe Smelting Foijiacc By J. Aaiioua, C.E. 11. 6d.l 

16. POWER IN MOTION: Hon;e-Power, Toolhed- Wheel Gearing, 

Long aod Sbort tMving Bandj, and AngulorForcei. ByT. Ahuoui, ts.tS^t 

. THE WORKMAN'S MANUAL OF SA'GINEER/NG 

DRAW^NG. BvI.M*HTOK. sth Edn. With r Plate. .nd 350 Cgti. 31. 6d.t 

. STEAM AND THE STEAM ENGINE, Siationaiy and 

,,.... ^ ......... .. _ ,^ ,. . (, M.I .C.E. it.6d.t 

By C. W. WlLLlAUS, 

. _.. . Jcnnomiot Fuel— Coal, Coke, 

Wood, p€jit. P«To)euin, tu:.— by D, ICCuiK, M.l.C.E. ti.6d,t 
I. LOCOMOTIVE ENGINES. By G. D. Dbkpsey, C.E. : with 

lain addilinn. by D. KiitKiAR Cunx, M.T.C.E. ii.t 
. 7KS BOILERMAKER'S ASSISTANT in Drawing, Tern- 
plialaB, Md Calcnlatine Boiler aod Tank Wotk. By Johb CovKttai. 
't^^aX Boiler Uabr. Xdilid by D- K- Ct.ABK, C.E. 100 lUiutralioai. ait 
. SEWING MACHINERY: Its Conslraclion. History, &c., wilh 
AillT«bnicslDliectiBii>rorAdiiutiiw, be. ByJ.W. UaQuiiutT, C.E. u.t 
. MECHANICAL ENGINEERING. Comprisine Metallurey, 
Uoulding, CutiDe,Fa[EinK.TaDl., Workibup Medilnerv. Manufactiin of 
the Sleani Engine, lie. B»TJii*»c» CAiipiK,t.S. w.M.1 
,. DETAILS OF MACHINERY. Compriring Inslructlons for 
the KiKotioD of vnrioui Wocki In Icon bi the VtEtisg-Sbop, Foniidry, aad 
Boflet-Yarf. By FaAKtls Ca«pin,'C.E. ii.I _ 

, TBB SMITHY AND FORGE; including the Famer's Art and 

CoiicbSnlllilnr. By W.'J. £. Crani. Uluitraliid. u. «d,I 
■. THE SHEET-METAL WORKER'SG HIDE, n Practical Kmd. 
bonk for TinatoUbi,CoppeniDitta.,Zinciroiken,kc. VnthMDiagrasuand 
Wnrkbg Pitlrm.. ByW.J.E.CiiAi.H. 1,, id. 
asi. STEAM AND MACHINERY MANAGEMENT; a Guide 
to ItiB Amineemenl and Ecgooniical Managoineiil of Machlooir, with HlMa 
on Con.lructlon and Seleetioo. By MriPOWlS HALE, H-lnnM-E.. 

A.M-Imt.C.E. [A-wrfr wa^y. 

ff- T*i t "d'catf I""/ that yob, may it AaJ i/nme'r touBj al &d. txirm. 
7, STATIONERS' HALL CODRT, LUDGATK KWA., ^.C 



Partible. By IoH>' ^lEWiLLandD. K.CI.AKK 
I, FUEL, its Combustion and Economy. 

lb KecenC Practice la Ihe Combiutioa and Gcnnoiniaf 
■ " - ■ - 'lyD, K.Cla«k, M.r.C.E 
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MINING, METALLURGY, ETC. 

I, MINERALOGY, Rudiments of; a concise View of Ibe Piopeitiei 

nfMinsnls. Bj A. EiasAv, Jun. Woodcutoard SimJPUim. jt.t ■ 

■. SUBTERRANEOUS SURVEYING, Elcraenlaiy and Practical 

Tnulise on, witfa ud nilhoul the Manielic N«dJF. Br Tbdius Fbhwick, 

SurTcyorafMiDri, and TiiOHAB Bakes, C.E. IlliuDalcd. u. M.t 

;. METALLURGY OF COPPER ; an Introduction to the Methods 

of SH^rne, Minme, and Aiiaving Copper, and JlanubcturiaK U> AUojs. 
Br Kdbciit H. Laudoiln. I'h.D. 'W'oodcuU. 31. 6d.] 
;. ELECTRO-METALLURGY; PtaclicaUy Ttealcd. By ALEX- 
- ft WAtT, F.R.SJj J*. Eighlh Edition, tortfed, wilb ad^tiOBtl Muter 



id Illuiti 



IE IbF I 



«U. Jl.t 



:. MINING TOOLS, Manual of. For the Use of Mine Maiunn, 

Ag»li, StudeDti, be. Rr WiLLUu MaicANii. as.ed.t 
'. MINING TOOLS, ATLAS o( Engraviues to Illustrate the above, 

CDHtainine 935 IllustratiDDi, drawn la Sc^e. 410. 4*. 6d. i claDi boudi. 6>. 
7. METALLURGY OF IRON. Containing HiBtory of Iron Mana- 

faclnrr. Methods ofAuav. andAaalriBi of lion Om. Proccuei of Mmnu- 

bcliire of Iran xaA Steel, Ue. Bf tl. Bai'emiak. F.G.S. Fliih EdllioD. 

I, COAL AND COAL MINING. By Warixcton W. Suvth. 
M.A.,F.R.S. Fifth Edition. leriied. 'R'itlinuniMoui UloiliatiDni. j>.6d.t 

;, y/T^ MINERAL SURVEYOR AND VALUEIPS COM- 
PLETE GUIDE, with Dcw TmcTH! Tabid, and Deicriptioni of Improird 
InstmniniU; also IheCormrl Principle! of La}in|t out and Valiunf Miii«>) 
PropertiM. By WitLiAS LiNTiti.H,lilining and Cml Enginocr. jj. 6d.l 

|. SLA TE AND SLA TE QUARR YING, Sdeodfic, Practical, Md 
Commeicial. By D. C. Davies. F.G.S., Mining Enginixr, &c. ji.I 

). MAGNETIC SURVEYING, AND ANGULAR SURVEY- 
ING, with Refordt of the Prenliaritic! of Nuedla Diitnrbancrn. Comsilcd 
hoia thB RuiiiU of caicfullr mads Eipcrimrntl. Bf V,'. LlNIUN. n. 



17. ARCHITECTURE— STYLES— The HUlory and Descriptjonof 

the Etylsi □( Architecture al Vationi Counbio, fnim Ibe Eailiett In llw 
Prraenl Period. By T. TAtoOT BuBV, F.R.t.B.A., 1.C- IllBitiated. ». 
".■ Obdchb AMD Stylus oj AncHmciiiBa, m Oitt Co/, ji. id. 

18. ARCHITECTURE^DESIGN—The Principles of Desien in 

Aicbilcctuie, a> deducible from Nature and eiempliAcd in Ibe WdAi of tbe 

Greek and GoUicArcbitecli. By E.L.GABBnT, Architect. lila.loitod.H,«. 

>.• Tkl ikrtc friccdine K'anii, in Ont Jamkomt Val., lalf ieund, mlltki 

"MODIIBN AncmtlCTUaB,"/!!™**. 

aj, THE ART OF BUILDING, Rudiments of. General Principles 

of Consttucdon, Materialt uied in Building, Strength and [Tie of Matcnali. 
Working Drawings, SpeciGcationt, and Eitimatei. By £. Dobsoh. u.I 

35. MASONRY AND STONECUTTING ; inivhich the Principles 
of Masonic Projoction and tbiur application to the ConnnicUon of CarTod 
Wing- Willi, Domes. Obliqus Bn^, and Roman and Gothic Vaulting, 
are eiplained. By EnwAnii Dobsoh, M.R.I.B.A., &c. is.M.l 

^2. COTTAGE BUILDING. By C. Bbcce Allkn, ArchitecL 
Ninth Edition. revi«d and rnlargid. Numerom lllMlratioiw. ii.ftd. 

45. LIMES, CEMENTS, MORTARS, CONCRETES. MASTICS, 

PLASTERING, «.e. By G. R. BpHMm.L. C.E. Twelft h Ediii. 

ty Tkt \ indiraM Ikal Ikae tvh. may tl kaiatrmgly ici 




WEALES RUDIMENTARY SERIES. 

iltecture. Building, etc, continued. 

. WARMING AND VENTILATION. An EJtpo.... 

CMcnl Ptinriplci lu apslled to Domatlc End Public Ituildii 

Li^thouMi, Shlpi, &c. By C. TouLiHSOH, F.K.S ~ 
. ARCHES, PIERS, BUTTRESSES, &-c. : E»perinienUl Essay! 

onlliePriDcrplHDiCaailtiiclion. By W. Bund. lUtutnted. ii. " 
. THE ACOUSTICS OP PUBLIC BUILDINGS; oi 

"" " " cfl of Sound appHed lo thepEirposPcof Lbe^Arclii 



I of the 



I 



lyT. A. Rich 

. VJTRUVIUS—THE ARCHITECTURE OF MARCUS 
Q tbo Latin by 



yiTRUVIUS I 



■LT, F.S.A., F.RJV.S. TVilh ij Pl« 
. GRECIAN ARCHITECTURE, An Inquiry into the Principles 
-"■ ■ ■ — - IcalViewof UicRiieaadPtogrtH oftboArtin 

handiBBu Vol., half tsiuid. tHlilUd "Ancdisi 



and Ettimateii &c. By 

I. QUANTITIES AND MEASUREMENTS, How lo Calcalate Mid 
T»1m tlidii io Brick!»yEu', Miuinii', Plaiteron', Plumber*', Paialera', P»por- 
b«i(«i', Gildcn', Sinitlit', .Carwntcn', ud Joinen' Work. By A. C. 
Bbatdn, Aichilsct and Surveyor. N«t uid Enl^riinl Edilion. ntu. u.6d. 

;. LOCKiVOOD &• CO: S BUILDER'S AND CONTRACTOR'S 
PRICE BOOK. conUiniaElhelilatPriccior all kindi of Builden'UalBriati 
ud Labour, aod of all Tnilei coonectid with BulldiDg, Ac. >.c. Edited 
by F.:T, W. MatBR, Aicbitcct. Publiibcd annual ly. ji.M.; b^f bound. 4>. 

. CARPENTRY AND JOINERY— Tas. Elbuentart PatN- 
cipus at Carpimtrv. Chiefly compoied boa tbe Standard Work of 
Tbohaj Tsbocoui, C.B. With Addition! from tbe Worki of Ibo moit 
Recent Audioridei. and a TREATISE ON JOINERY bj' E. WVMDIUH 
Tarh. U.A. Numeroui Uluitrationi. ]i.6dl 

', CARPENTRY AND JOINERY. ATLAS of 35 Plate* to 
accompaoy Ibe above. Witb Dncriptiva Letterpreu. 4 to. 61.; cloth. ;i.6d. 

;. THE COMPLETE MEASURER ; the Measurement of Boards, 
GI»i, &o. : Uocqiut-iidcd, Square -lided, Octaiooal- tided. Round Timbei 
■Dd Stone, and Standing Timber, »c. By R1CIIAR0 Udrtoh. Fourth 
Edition. 41. ; (trongly bound inleatber, ji. 

. HINTS TO YOUNG ARCHITECTS. By G. Wightwick. 

NewEditioo. £tG.H.Guiu.jii.'HE. Illn>tr;ited. ji. 6d.t 

!. HOUSE PAINTING, GRAINING, MARBLING. AND SIGN 
WRITING: con tain ins full inromalion on tbe Precexei of Houu-Pjuntini, 
the Practice of .Sien-WrilinK, tbe Principle, of Decornlivo Art, > Couna Of 
Elementary Drawin(!forUou.e-P.intor.,Wri«ri,Sc.,««:. With 9 Coloured 
Platei. »nd nearly ijo Wood Eo«i»vinn. By Eu-n A. Davidsom. Third 
Edition, roiled. Si. cloth limp ; 6i. detb boardi. 

). THE RUDIMENTS OF PRACTICAL BRICKLAYING. 
loSiiSeeliooa; Gere™l Principle*! Arch Dmwine. Coltinir, and SelUng 
PoiotinE- Pacing, TilioE, Matstali; Silting ui3 Plulerinrj PracUcil 
Geoaetry, MennmtioD, tc. By Aimh Mauhohd. Illuitnted: 11. 6d. 

I. PLUMBING. A Teit-Book to the Practice of the Art or Crall of 
tbe Plumber. With Chaplert upon Hoo» Dralnago. Fourth Edition. 
WithijoIllurtratioBi. ByW.P.P "• 



li.6d.t 



f Tki% 
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•J, stationers' hall court, L\ioai>.T& BXU., »J^ 




Archileclure, Building, etc., d 

192. THE TIMBER IMPORTER'S, TIMBER MERCHANTS, 

Md Bt'lLpER'S STANDAKD GUIDE. By Richaso E. Guxdv. 

J06. A BOOK ON BUILDING, Civil and Eccltsiastical, including 
Ckl'rck Rbstoraiiox. WithlhoTbcory ofDoaicundlheGrealPyrmiii 
ac. By&irEi)HL-HDBECKiiiT,Bart..LL.D.,Q.C.,F.K.A.S. 4>.M.t 

k6. the yOlNTS MADE AND USED BY BUILDERS in Ihc 
Coniliuelian of vsrioui kindi of EnEinecrine and Amhltccmral WorU. By 
WYVII.LJ.CHK15TT, Archilect. Wilh upwaraiof 160 EogTavingiOD Wood. 3J.I 

»j8. TffB CONSTRUCTION OF ROOFS OF WOOD AND IRON 
By E, WrHDHAM Tabk, M.A., 'Arcbitect.'Second Edilion.iwiird. 11. M. 

aa9. ELEMENTARY DECORATION: a» applied lo the Inletior 
uid Eiterioc DKontion of DmlLIog-Housei, ftc. By Jamei W. Faciv. Tod. 
niuilraWd nitli Siity-eiEfat uplanalory EngTsviDEi. ». 

130. RANDRAILING (A Practical Treatise on). Stoning New and 
Simple Melbodi fai GDdine the Pitch of the Fluk, DramnE llie Meuldi. 
BevcUine. Jomlins-up, and .SquoiinE Ibe M'mtli. By George Colukci. 
Illuitrated with PTatei and Diagrami. 11, 6(1. 

247. BUILDING ESTATES .- a Rudimentary Treatise on the Develop- 
mint. Sale. Purchase, and Gencnl ManagcmiDt of BuiMiug Land, iDcludioe 
the FonnatiDn of Slr«U and Scwerl, and the KcquinrrDroIS of Saoitaiy 
A^tharitiu. By Fowleb Uaitla.id, Surveyor. Dlutltated. tt. 

148. PORTLAND CEMENT FOR USERS. By HENKv Faija, 
Auor. M. Init. C.E. Second Edition, corrBcled. Illuilnted. u. 

151. BRICKWORK: a Practical Treatise, embodyins the Genenl 

and Hit-hnr Principles" cf BrictlayioB, Culling and ScltiuK. tc - 



-1 



SHIPBUILDING, NAVIGATION, MARINE 

ENGINEERING, ETC. 
I. NA VAL ARCHITECTURE, the RudimenU of; or an Eiposi. 

tion of the Eiemsntur Piinciplei of tho Science, and tbeic PracliCAl Apnli- 
cjtion m Na.al Con.lniclion. Compiled lor the U« of Betinoen. Bi 
Jahii Puki. Fifth Edition, vlth Platei and DlaEianu. ji, M.I 
•. SHIPS FOR OCEAN AND RIVER SERVICE, Elementny 

AN Atlas — '—■---'-■— --^ -'■ ""^ 



A. SOHtHBRLDT, 



Ian 



folding plaU 



'•.£d. 



S4' 



54. masting, mast-making, and rigging OF SHIPS, 

RadimeslaiT Tr»liK on. A1» Tables of Span, RiRsing, Klocks ; Chain. 

Wiir, and Hemp Kopn, tc, nlativB toevery class of vesteli. By Rouii 

KlrriHO. N.A. rifleeDtb Edition. Illuitiated. u.l 
IRON SHIP.BUILDING. With Practical Enamples and Detaili 

for the Uis of Sliip Omen and Ship Builders. By Jdhx GuHrnAH, Cea- 

sulling Engineer and Naval Architect, jlh Edition, mill Addiliooi. 4». 
AN atlas of FORTY PLATES to Illustrate the abort 



:h Editii 



lard!. 3B1. 



SS, THE SAILOR'S SEA BOOK: a 
NavigaliOB. Part I. How lo Keep tho Lt 
Findftig the Laliludeand Loneitudo. Bi 

which are added, tho Deviation and Eraj. 

Sailing: Ue IntematioDal ICnmnercial) Codeef Sign^i 
ckel and Klortar Apparatas for Savine 
■ ' " ' "a Term). With C< 

By W. H. KO! 



Rudimentaiy Treatise on 
aadWo.kil oft. Part U. On 
fiuu GKnHWOOD. B.A. " 
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WEALES RUDIMENTARY SERIES. 



pbuIldiDg, Navigation, Marine Engineering, etc., cant. 
8a. MARINE ENGINES, AND STEAM VESSELS. By Robert 

MtrKXAV, C^. Eigtlh EdiiLod. \In /ni>o-n/uw, 

\bu. THE FORMS OF SHIPS AND BOATS: Hints, Eiperiment- 

allTDErived, on aomeDf Ihs Pcinciplcs regulating Sbip-bmldbg. ByW. 

BuiD.Scvniltiedii;on,nTi>rd,wiDii>un>crou>Il]ust»tiani>iidM«Icli.t>.e>d. 
99. NAVIGATION AND NAUTICAL ASTRONOMY, in Theory 

•ndPractite. By Prof. J. R. Yobsg. New Edilion, includir- -"- --'- 

XlEfflcoU froin the Nuutitil Almamic r - - -- 

ie6. SBJPS' ANCHORS, iTieatisei 



I 



IT Korking ihc Proble 

. By G, CoTSELL, N. A. is.6d. 

149. SAILS AND SAIL-MAKING, an Elementary Treatise on. 

Willi DraDghting, and tl» Centra of Effort ot Ihs 5;iils. Abo, We3gl;U 

■ndSUaorRupa: Muh'ng, Rigging, and Siiiln of Steam V«kIi. lie. >c. 

Eleventh Edition, esliuged, with id Appeadii. By Roa»T Kiffisd, N,A., 

Sailmaker, Qunyiide, Nrwcutls. IlliuU^led. ».6d.t 

ISS. THE ENGINEER'S GUIDE TO THE ROYAL AND 

MERCANTILE NAVIES. By a Pkacticai. Encikbkr. Reiiicd bj D. 

7, U'Carthv, late of the OrdsaDce Sumy Officr, Sonthiuopliin. ]i. 

55 PRACTICAL NAVIGATION. ConBisUng of The SaUor's 

& Sh-BooIc By Jauis Gbiinwdod and W. H. Ko>9iH. TDgelliei with 

" the nquiiite Bathemalkal ud Nautical Tablci foi the Woclusg o( tbs 

^•°^■ PrablfiDi. BvUbhry Law, C.E., and J, R. YouNO.roraiBtlyPrDtctiorof 
Mathcmatici 10 Beirail Coilree. Illiutrnti-d wilb numFniui Wogd Eagiay- 
jngi and Colauied Platci. 71. Stmnglf balf-bouod in leatber. 
AGRICULTURE, GARDENING, ETC. 
t: READY RECKONER FOR THE ADMEASUREMENT OF 
lAND. intlndirg Tab1« ibowtDg the price of work frdm M. «. to£l_pcr 
■ere. and otbcr uiefut Tables. Ity Adbauah Asuan. Second EStiim, 
corteclcd aad eiU^ndcd by C. Noaau, Survryot, lie. a. 
131. MILLER'S, MERCHANTS. AND FARMER'S READY 

RECKONER. Wilhapproilmate valuei of Uillitouei.Mmnort:, ftc. ii. 
HO. SOILS, MANURES, AND CROPS. (Vol. I. OuixiKBS OF 

MODiKH Fahmihc.) B; R. Scott Bukn. Woodcuti. at. 

HI. FARMING &• FARMING ECONOMY, Notes, Histoiical and 

Practical, on. (VDl.i.OuTUHisoTMoiiiaHFAKKiHC.) ByR.ScoilBlloi.]!. 

I4». STOCK; CATTLE, SHEEP, AND HORSES. (Vol. 3. 

OUTLIMI 0» MooiRN FARiiisn.) By R. ScDTT BuRM. Woodcoli. M.Cd. 

145. DAIRY, PIGS, AND POULTRY, MaDageraenl of the. By 

R. Scoii Bvxs. With Noto on tbe Diwiuu of Stock. (Vol. 4. OuiLWii 
or MoDiRN FARHiNa.) Woodcnti. at. 

146. XTTILIZA TION OF SE WA GE, IRRIGA TION, AND 

RECLAMAI'LON OF WASTE LAND. (Vol. j. Outunm op MoonnH 



»i. KITCHEN GARDENING MADE EASY. Showing how 

prepare and lay out tlo ground, the belt meani of cultivnlinjj trery kni 
VcgeUble and Herb. »c. By felORGII M. F. GuiSKV. 11. fl.l 



7, STATIONERS HALL COURT, LUDGKH -ftWA., ^-^. 




VKgly ^■j,«da(e«J. 



S WEALB S RUDIMENTARY SERIES. ^B 

Agriculture, Gardening, etc., cantinutd. ^^^ 

207. OUTLINES OF FARM MANAGEMENT, and tht Orsani- 
uh/m «/Fann Lci^mr: Treating of H» Genon.1 Work of 1I.B Pstm; FiaW 
KDdLivcStocki CoDtiatrtWorki LabDui.dc Br K. Scorr Bl-ix. u.&l.: 
MB. OUTLINES OF LANDED ESTATES MANAGEMENT: 
TnatinE of tbe VarinEici cf Lands, Melhodi of FurmioK, Fam Bnildian, 
._: — I— n..; . . Bj, ,{ Scon = -- " - 
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Flooeriag Shtubt. Flancricg Flunti, be. By Sahuil Wood, u.t 
, THE TREE PRUNER. A Practical Manual on the Fmoing of 
Fioit Tr«j, including aim Ihfir Training ind Rsnovitioii ; (In Hke Pninine 
'-■ ■ ^- • •- By Sabdel Wood. 






Plant 






ruPnuN 



■ ByS. 
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. T-Af^ Zf^ y AND STRA IV MEASURER .- Bdog New T»bles 

for Ibe Uu of Auctionccn. Valuen, Faimon, Hay aDd:StraiT Dcalen. ftc. 

saa. SUBURBAN FARMING. The Layine-out and CulUvation of 

Farms, adapted Id Ibc Prodnce of Mlllc, Buttct, and Cbccic, Egs'. Ponltiy, 
and Pig.. By Prof. JoHS DosiLDSOS .nnd K. Stoii Bt-'Kn. ji, 6.J.1 

S31. r/ffi ^^r O.F GRAFTING AND BUDDING. By Chables 
Baltet. Wltb lltutrxtion!. It. 6d.t 

131. COTTAGE GARDENING ; or, Floweis, Fruits, and Vegetables 
for Small Gardens. By E. HCBDAV. \%.(A. 

133. GARDEN RECEIPTS. Edited by Charles W. Quid, ii.( 

234. THE KITCHEN AND MARKET GARDEN. Ccani 
byC.W. SiiA»,Edilo[or"Gai^eDiagl1la<trated." js.t 

ajg. DRAINING AND EMBANKING. A Practical TVealise, em- 
bodying Iba moil recent ripcrience in the Appliratioir of Imprnred Mstbodi. 
By JoiiH Scott, latB Piofuior of AgTicBlture and Kuril ScDBomy at Uic 
Royal AgritiJIoral College, CireaceiBu-. With bS llluiltatioos. ii. fid. 

340. IRRIGATION AND WATER SUPPLY. A Treatise on Water 
Meadow., Sflwigo Irrigation, Warping, tc. : on the Coo.lmction of WoUf. 

n,_^_ ._j u ^ , -. n_._.'L_-,.r..,, by Machinery for AgricBl. 

' 'Vithj^Uliii. n,M. 

A Pnctical 



n Ibe Eoadi, Trarawa 



iciplei of Enc' 



d the d 



aod Waterway! of the Fan 



. Wilh ;s Illusi 



>.6d. 



A Practical Treatise on the Buildine; 
nccoiary loi vanoas kindi of Famt, tbeir ArnngBmisl ud Canilractios, 
including Plam aod Estimates. By Prof. John Stotr. Willi toj nini. ». 

243. BARN IMPLEMENTS AND MACHINES. Treating of the 

Applicaticm of Power to the OpeialioDS nf Agriculture; and of Ihc TaitouE 
Machine] used in Iho Tbreshine-bara, in the Slock-mtU, Daily, kr. By 
ProL J. Scon. \Ntart, na*. 

244. FIELD IMPLEMENTS AND MACHINES. By ProfeESor 

JDHH Scott. Illuiltaled. V •*!>■* trot. 

245. AGRICULTURAL SURVEYING, LSVELL/NG. &-c. By 

Prof. Jons Scon. Illuslrated. ' [/n frcfiTnliett. 

' 350. MEA T PRODUCTION. A Manual for Producers, DUtiibutms, 



- Thi % iadia 



ifAal 



Vii iaJ llroHtly tmniJ ol 6d. rxtra. 
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MATHEMATICS, ARITHMETIC, ETC. 
31. MATHSMATICAL INSTRUMENTS, a Treatise en; mwHch 



udtfasMMhad(<>FT«ting,AdiBtliaE, and Uiinrthem 

■ ■ By T, F, HUTHii, M.A., of do RoyiJ lUliUiy 

ginal Edilion, in i --■ ■''■-•-■-J =- " 



r.nC 

3 veU. {Net. ie8-9-;a.) 



AcadeniT, Woolwii 
CHiiA it/nm llu EH&rgtJ Sdilimt i> 
76. DESCRIPTIVE GEOMETRY, »n Elementuy Trwlise 1 

wilh a TbcoTT of .Sludawi ind of'Fenpective, nhactsil from tfai Fnach irf 

G.MpNGE. Ta»bit:hiiulJcd,adcicripIigoaf thePtindpleiinil Pnctics 

ofliometricalFrojcctinii. B7 J. F. Hiathu, M.A. WiCb 14 Ptila. u. 

178. PRACTICAL PLANE GEOMETRY: eiving Ibe Simplest 

XniirtionflftbcGraand. IlyJ.F.HF^THEB.U.A. Wilb :is lA'cNidcuti. M, 
170. PROJECTION : OilhoEtapliic, Topoeraphic, and PenpectiTe. 

Byj:F.lIi!AiHi.i.,M.A. U-frfamlion. 

",• The aiaoe tkra vulama will farm a Comixis EinmsiAiiv COVJWI 0» 
K Maiheuaticjil Ttuxwisa. 

■Sj. COMMERCIAL BOOK-KEEPING. Wilh Commercial Phrasei 
V and Foims in Eoglish, French, ItiliaB, und GeroiM, ByjAUis Haddow. 

K > M.A..Arilbinetica]Ma«cr of Kide'i College SchoDt.Loadnt. ii. 6d. 
■84. ARITHMETIC, a Rudimentacy Treatise on : with fuU Eiplana' 

HODi of iti Theawlical Princinlei. and aumerDusEunipIeifar Pnctice. Bt 

Prafia»rj:K.VouNa. Tcnlb EdiUon, carrfcted. 11. 6d. 

for the f « ol 



wilh Conn 



I, ^iplan 



Teachen and Unauitted Learnrn. By J^ K. Youxa. 
«5. EQUATIONAL ARITHMETIC, applied lo Queatioas of latereat. 
8c*. AoDUitiei, Lifs AuDisDCF, and Giweral ^ommcrcB ; with vnrioui Tabin bi 

' wbicb all Calculation! mar be ereallr tacUitatad. By W. Hifsliv. h. 
86. ALGEBRA, the Elements of. By Jaues Haddon, M.A. 

Wilb AppoBdii, eonlaininB niuellanHioi Involigationi, and a Cotlcctisn 

of Pmblem) io vaiioiu paiU of Alfcbra. ii.J 
C6*. A Kar and Cohfanioh id the above Ilook, forming an «iteniivc rrnositarj d( 

Solved Eiamclei and Froblcnis in Illuitntion of tbe varioiu EipedieoU 

ncc-uaaiy in AlEBbmical Opeciliou. ByJ. K.YouHo. 11. ed. 

8S. EUCLID, The Elements or : with many addilional Propositions 

ftn. an3 EiplaoaloiT Notea: to vblch it preGxed, an InCroductoTT Etiair on 

^ Logic. ByH»N«v Lavt.C.E. i..6d.J 

•.• SnU aim lltamtlly, oil. .■— 

(8, EticuD, ThE Pint Three Rooki. By Uikrv Law, C.E. 11. SJ. 

89. SucuD, nooks 4, 5, 6, II, II. B; HsNav Law, C.E. ii, fid. 
I qo. ANALYTICAL GEOMETRY AND CONIC SECTIONS, 

^^ By Jambs Hakk. A NewEdilion, by Profenor J. R. Youmq. a.t 

^^Ai. PLANE TRIGONOMETRY, the Elements of. By jAMEs 
^^■r Hakh, fbtnecly Mathematical Klaiter of King'! College, London, ii. Cd. 
^^Bl. SPHERICAL TRIGONOMETRY, the Elements of. By Jambs 
^^K HANN. ReviiedbyCiiAatuH. DowtiHO, C.E. ii. 
^^B V QrvsUh-ThtBltmfKUitf Plant TrigBnemflry," it 0«i Vatn-Hl.tl.M. 
^■^ MBNSURATION AND MEASURING. Wilh the MeMoralion 
^^Kr asd LeveliiBG of Land f^r the Putpoiei of Modem EnginMrinc. By T. 
^^K BAKaa, C.E. New Edition by E. NuaiKT. C.E. llluittiiled. ii. Ed. 

^^m». DIFFERENTIAL CALCULUS, ■E.lcnxEO.MoHht. ByW.S.B. 
^F WooLMoiHE, F.RJ..S.,&c. ■..ed. 

^~IOJ. INTEGRAL CALCULUS, Rudimcntaiy Treatise on the. By 
HoHERSHAK Coi. B.A. niuitralsd. K. 
105, MNEMONICAL LESSONS. — Gkombtkt, AlgbbkA, AND 
T- ;. i-.._ .r :.,] Le«o„,. fly tbo ReT. TaOHA* 
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168". DRAWING AND MEASURING tNSTRmiENTs'. Indud- 

ine— 1. Instnimenti vmplT>ycd ia GcomvtriciLl and Mcchaaical Drawiss, 
and in Iho CDDitioctiDis, Copiing, and MeaiaicBurat of Mapi nnd Plui. 
n. InilnunrnU uied for (he purpoiei* of Acrcurale Meuunmcnt, and foe 
Aiithmelical ComputatiDni. B; J. F. Hiaiuir, UJL niutnLted. ii.6d. 
169. OPTICAL INSTRUMENTS. Including (more espcdaUy) Tde- 
Hopn, MicntBcopcT, ond Apparatiu for producJTic copies oIMapi imd Ptuii 
br tbdtagrapliT. By J. F. BiAiHiK, M.A. tllWratcd. 11. £d. 
X'.o. SURVEYING AND ASTRONOMICAL INSTRUMENTS. 
iDclndiDE— I. IsitniiiienU U»d for DcUnDiniDg the Gesmelrical Fotnm 
ot.portionofGround. II. InilniinEnU Emplojia in AjtionomicftlObiena- 
tiom. By I. F. HKATInB, M.A. niuKrated. 11. 6d. 
*,• TAt aiave IhMt VBlums/orm an tnlarpBuatt of Ike Authsr'l Bripnal aer*. 
"Mathmatial InitmmrKlt." (Sit No. 31 m ttt Stria.), 

MATHEMATICAL INSTRUMENTS. By J. F. Hblathm, 



Ifr]. \ M^. Enlund Edilii 

I70.J aboFe.mOncthickVolume. 'With 

158. THE SLIDE RULE, AND HOW TO USE IT; 






full, easy, and limple InitrucIioDi to perfonn all Bn>ia»i CiJcuUtioni nilh 
nniManiplEd rapidity and accuran'. By Cuakus Uqaib, C^. Wilb ■ 



inv the Aritfamctical Opcnliaai require 

aclioBi : willi Full Eiplanfltioniof D«...„ _.. , , 

■By D. O'GoutAH. TWaty-ffch Edition, by Piof. J. R. Youko. li.l 

K>4. MATHEMATICAL TABLES, fot1neaatiiaitiKai,AsXjoooim(ai, 
and Nautical Calmlatloni ; to whicb is pnlud ■ TreaUse db Logariltimi. 
By Hexar Law, C.E. Toictlier wiifa a SBciei of Table, for KaviEatioa 
and Nautical Aittonomy. By FrofeHorjf, R. Youno. js. 6d.l 

2St. MEASURES, WEIGHTS, AND MONEYS OP ALL NA- 
T/OJVS, and an Ana1yii« of Ibn Cbriitiaij, Hebrew, and Mahometui 
Calfndsn. By W.S. B. Wodlhousb, F.R.AA.F.S.S. Siath Edition. IM 

ajT. MATHEMATICS AS APPLIED TO THE CONSTRUC- 
TIVE ARTS. llluitralinglhBTariouiprcH 

Btion, by meani of Atitbmelical and Sim] 
actical Eiampki. By Fba 

PHYSICAL SCIENCE, NATURAL PHILO- 
SOPHY, ETC. 
1. CHEMISTRY. By Professor Gf.oxge Fownes, F.R.S. Willi 

». NA^^dRALVHIL^SsOPUY, Intr'^u'Jtloa V^" ""^' 
C. ToMLiNsOH. WoodcaU. is. 6d. 

6. MECHANICS, Rudimentaiy Treatise on. By CBARiBS Tot 

Wf.av. Tlloitcated. i).6d. 1 

7. ELECTRICITY; showing the General Principles of Elec 

Science, and tbD purpoie« to vbii:b it has beco applieJ- By 5' "' 

Harbin, F.B.S,, he. Wilb Aditiont by R. SAmsi, C.E.. F.S ._ 

. GALVANISM. By^ Sir W. Snow Harris. New Ediliid 



I aud hiuiple AlKcbraical Equaliont 
CABPir*. C.E. Second Edidoo. 31.1 



1 Ibe Study of. 



C.H.,t. 



'.S.A. ii.td. . 

8. MAGNETISM ; being a concise Eiposition of the Generdn 
ciplra of Maenetical ScTencei and (be PurpoKA la wbachit blsb«n 
By Sir W. Snow Haius. Nm Ediiion, leviud and cularMd b 
Ko Ap. Ph.D. With 165 Wondcui.. 31, 6d.l 
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kysical Science, Natural Philosophy, etc., continue. 
I. TOE ELECTRIC TELEGRAPH; ils HisIotf and Progress; 
wilhDejcriptloniafiDDieaflhoApiuii^hta. BfR, Sabini, C.E,, F.S.A. ji, 
I. PNEUMATICS, for Ihc Use of BegiimerB. By CaAKLEI 
ToMuicsoH. Illuilmlfil. II. 6d. 
I. MANUAL OF THE MOLLUSCA; a Treatise on Recent and 
FouQ Sbelli. Br Dr. S. F. WnanWAiD, A.L.S, Fnnitfa Ediiioa. With 
Appotdix by Ralph Tati, A.L.S., P.G.S. Wilb Daauoui Hatci and joa 
Weedcuti. d. 6d. Clulb boudi. ;i. «d. 

96. ASTRONOMY. By tlie late Rev. Robert Main, M.A. Third 

Edilion, by WiuiAS Tuynni LrnN. B.A., F.R.A.S. ». 

97. STATICS AND DYNAMICS, the Piindples and Practice of; 
-cmbndnE alio a clear development of Hydreilatici, Hydrad>DUnii:i. aaJ 

CenKal Fotcci. By T. Bakir, C.E. i>. 6d. 
138. TELEGRAPH, Hnndbooh of the; n Guide to (Cnmlidales for 

Emplormcnt in (he Telenapli Service. By R. Bohh. Fourtli Edl^aa. 

laduding Queilioni dn MttBnetl.m, Elmtridlr, Bad Practical TelegrHphy, 

brW. McGiGcoi. ji.t 
Us- PHYSICAL GEOLOGY, partlv based on Major-Gcneral Port- 

u>CK'5"Rudlinenl.ofGoolDgT.'' ByKAlPllTAIB. AX.S..»e. WoodcuU. ij. 
174. HISTORICAL GEOLOGY, parlly based on llajoi-Genetal 

PORIIOCH'S-Rudimmtj." By Ralph Taii, A.L.S.,ftc. Woodmtl. *..6d. 
173 RUDIMENTARY TREATISE ON C£OiOeJ'. Phj-sical and 

m>totical. Panly hawd on Miior-GeBsiaJ Pdrilock's " KudimMl. of 

Gaoloey." By Ralph Tati, AX.S., P.G.S.. ftc. to One Volume. 4i.ed4 
iB3 ANIMAL PHYSICS. Handbook of. By Dr. Lakkner, D.C.L., 

,B. CoU«^ lindTwiS ,f-*i "■-.-"--"'*> -^"-- TJ-' ™?'^ -i„.i.'ii 1. 

104. ^ , . _j._^;^ 



.K. Fan I.' Chiplen I. 

ly Dr. Lardnib. Part II., Ctaplni VIll.— XVI 



AiriuAt. Physics. By Dr. Labdphk. FaW I., Chapten I.— Vll. 4.. 

" ■" ■ -"' xvm. 3». 



FINE ARTS. 

M. PERSPECTIVE FOR BEGINNERS. Adapted to Young 

' SlBdenti ind Amalf un in Aicbjteoture, Painllne, kc. By GbORGI P\in. 39. 

40 GLASS STAINING. AND THE ART OF PAINTING ON 

IE4I, glass. From Ifae German of Dr. Giubrt Bad Rmanuil Ohd Frou- 
BIRD. Wiltaan Appi'odii onTijiAHTOpEnAMaLLma. ii.ad. 

69. MUSIC, A Rudimenlary and Practical Xreatise on. Wilh 
DBmeiDoi Eiaroplrs. By Charles Ckild Spaiici*. ». 6d. 

71. PIANOFORTE, The Art of Playing the. Wilh numerous Exer- 
cisesliLeuonafraRi theBettUaiten. By Ciiablrs Cnan Sfrmcir. u.6i. 

^11. MUSIC b- THE PIANOFORTE. In one vol. Half boood, S*. 

181. PAINTING POPULARLY EXPLAINED, includine Frewo, 
Oa, Mojaic, Waler Colour, Wnlet-Glau, Tempera. EncaoHic, Miniatura, 

• Painling on Ivarv, VellDm, Polleiy, Bnamel, Qlui. he. Witt Ulilorical 

SkalchH of the ProgrcM o( the Art by Thokas John Quluck. uiiited by 
JOHH Tihhi, F.S.A. Fourth Edition, rvniadaBd^eslarled. ji.t 

186. A GRAMMAR OF COLOURING, applied M DecoratiTe 
PaintiDi and the Arti. By Giorgr Firld. New Edition, eilargod and 
adapted to tho Uie of the Omainental Fajnter and Deiignei. By Elus A. 

' Davidsoh. With iwo new Coloured DIii(raoii,<ic. 3>.t 

M6. a DICTIONARY OF PAINTERS, AND handbook PQR 
FICTCRE AMATEURS i im:liidfn« Motbodi of Palntjne. Cleaniog, Re- 
liainK and RcjlorloK. Scliooli of Painlinf , Be. With Note* on the Copjiit* 
aDdlmitatonofeacbMuIer. By Priufh Daktl. ii, fid.t 



' The t iuiicaln Ihat Ikat vmh. mar <> *<^ 'Inntgl) timnd at 6cf. ir/n. 
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INDUSTRIAL AND USEFUL ARTS, 
s*. BRICKS AND TILES. Radimentaiy Treatise on Ihe Manniac- 

lure of. By E. DaniON. M.R.T.BJl. Illoitratcd.tt.i 
67. CLOCKS, tfATCHES. AND BELLS, a RudimenlaTT Treatise 

on. BySIrKoiiiuKDlSECK|[TT,LL.D.,Q.C. Sevealh LditidD.icriiodiiidai- 
83'*. CO^TiVcr/^Vo^'/JOO^ LOCKS. Compiled ftom the 
PflDfrs of A. C. HOBB5, and Edited br Ciiiums Tomubmw, V&S. Wllh 
Adai:Lon> by Robert M\ij.BT, M.I.C.E. Illui. 11. M. 

i6i. THE BRASS FOUNDER'S MANUAL; Instnietvons for 

McHklling, Pjittem-Maliine, Moaldine, TutniDe. Fillne, BumuliiDe. 

Bioniine. &C. IWilbtapiaui kecxipu. Ac. By Waliih Geahaw. u.l 
SOS. ^HE ART OP LETTER PAINTING MADE EASY. By 

J. G. Baobnoch. Illuilratcdwitb iifull-paRcEnj^iavineitif Eumplel. ti. 
aif. THE GOLDSMITHS HANDBOOK, contdning fuU Instnic- 

2i4. COACH "bvJldInG, 'A"'l?actkai l^eatiMt' Histmai'" and 



iaj. 2HE SILVERSMITH'S HANDBOOK, containing fuU In- 

itructTonsforlhpAUoi-iBffandWotkinBofSilirK. BrGiDRCtE.Gri. ji.J 

135. PRACTICAL ORGAN BUILDING. By W. E. Dickson, 

MJ^.. PrFCMtoiofElvCalbedi;!!. ILInstratal. 11. ed.: ■ 

245. THE Hall-marking of yEfVELLEHY fracticallyA 

CONSIDERED. By Geoucc E. G.b. 31.! ■ 



MISCELLANEOUS VOLUMES. 
36. A DICTIONARY OF TERMS mtd in ARCHITECTURE, 



OLOCy.tke FINE ARTS, b<. By Tobm Wiali 
by RoBBKi Huwr, F.R.S. Ulmlratta. si.linip; 



EmergHicy. Tliiid Edill< 
III". MANAGEMENT OF HEALTH. A Manual oi Home and 

pETxinal Bypcnc. Byltbe Rev. Jauib Baisd, B^. i>. 
150. LOGIC, Pure and Applied. By S. H. EUMENS. is. 6d. 
lit. SELECTIONS FROM LOCKE'S ESSAYS ON THE 

HUMAN UNDERSTANDING. With Nolaby S. H. Emheks. u. 
154. GENERAL HINTS TO EMIGRANTS. Notices of the varion! 

Ficldi for Etnigtalion, Hinli on OutSu, U»ful Reclpei. be. >t. 
IjT, THE EMIGRANTS GUIDE TO NATAL. By Robeit 

Jakes Mann, F.R.A.S., F.M.S. Sccood Edition. Map. 11. 

193. HANDBOOK OF FIELD FORTIFICATION, intended forlhe 

Gulduice of Officer! PreparinE for Picmotion. By Major W. W. 
KHOtiia, F.R.G.S. With i6j Woodcotj. ji.t, 

194, THE HOUSE MANAGER : Being a Guide to Housckeemng. 

Practical Cookary, PickJini aod Pmeryine, Houiehold l^'ork, bain 

Management, (he Tabic aniT Deueri, Cell.-inee of Wine*, Home-binriu 

'and IVine-naking, Ibe Boudoir and Dicjiing-room, Travelling, SUble 

Economy, Gardon.ne Opetalioni, tc. By Aw CTld HoisBKBtras. JI.&I1 

194. HOUSE BOOK (TSe). Compristag :— I. Trk House Mamaoex. 

112. By an Old HoLisiicaipBit. II. Dohsstic Medicihb. Bt Raltb Goodbo, 

t, ; II.D. 111. Mahagbiikkt OB Hbaltb. By Jaubs Baiui. In One Vol., 

Jf «tong!yhalf-borad, 6.. ' 



X indicates that tkeie voti.may bt had slf^mg^y bound tii ^d. txira. 
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EDUCATION AL ASTD CLASS ICAL SZKIES. 

» HISTORY. 

I. England, Outlines of the History of; more especially with 
nfetsDco to Ihe Oiiitin and Prognui of llie Englijh Conititudon. By 
WiLLU.li DoLci_A5 Mauilton, F.S.A., of Hit Maieily'i Public RKord 
Office. 4lta EJition. nvisrd, ji.; cloth board) Ci, 
* 5. Greece, Outlines of the History of; in connection with the 
R!k of the Art! and CivHiiation in EuropE. By W. Douolas Habiitos, 
of Cnivmilj Colleec London and Epward Livibm, MJl., of Bidliol 

7. Rome, Outlines of the History of; from the Earliest Period 
to Iha Chiiilian Era and >be CommcncFDicnl of the Dcctbe o[ the £iiipir«. 
By Edwasd Liivi»«, of BaJligl Coiliee. Oxfoid. M»p, u. 6d. ; cl. bdj. j..6d. 

9. Chronology of History, Art, Literature, and Progress, 

from the Ciiuliiui of lh« Worldla Ihg CoaclnsioD of the Franco- Gcnnan War. 
The ConliDaalion by W. D. Uahiltdk. F.S.A. ji. ; clolh hoatdi, i>. M. 

50, Dates and Events in English History, for the use of 

CaodidalftraPi.blkanii Private Eiaminalion.. By Iho Rw. E. Rasd. u. 

ENGLISH LANGUAGE AND MISCELLANEOUS. 
II. Grammar of the English Tongue, Spoken and Writlen. 

w:.t .- i..„j. ...:.. .- .1-0 siBdy of Compaiilivo PhiloloGy. ~ By HtD> 

II'. Pbilotogy: Handbook of (he Comparative Philolorv of Englisb, 
Anglo-Saiun, Frisian, Flcmiih or Dulcb, Xgn or Piatt Dutch, High Dslch 



I 



onnh Ediiii 
:y : Hat ■■ " ' 

M GemaB, daDiih, SiKdiib'.'lceiamii^irtin' lullu.'^ 
PonoeDCH Tongucf . By Hvoa Clakki. D.C.L. !•■ 

II. dictionary of the English Languaj 



! Spoken Bad 

nn.wD. v,on.ininB aooe loo.Ko "«.a.. i.y cvu. ClARKI. D.C.L. 

48. Composition and Punctuation, farailiaily Eiplaincd for 

thoio who hare Dcelccted the Study of Grammar. By Juitih Biihait. 
I7tli Edition. II. 6d: 

49. Derivative Spelllng-Book: GivingtheOiiginofEveryWotd 

from the GrEck. Latin, SaiDn, German, TeulnDic, Dutch, Fngch, Spaniih, 
and olhfi Lsneusgrii nith Iboir pment AccepUIioo and FrocimciatioD. 
ByJ. KawnoTiiAu, F.R.A.S. Improved Edition. ».6d. 

51. The Art of Extempore Speaking ! Hints for Ihe Pulpit, the 
Senate, and Ihe liar. By M. Bauiain, Vicar-Generat and Pmfeuor at the 
Sotbonne. Translated from the PrcDcli. 7tb Edition, carchlly corrected, u.ed. 

SJ. Ufning and Qtiarrying, with the Sdences connected thete- 
uifh. Fint Book of, for Sehooli. By J. H. Coluks, F.G.S., Lecturor to 
the Minen' Atiociation of ComiratI an JDeion. 11. . 

53. Places and Facts In Political and Physical Geography, 

forCandiditetiaEiammalioDi. By the Rn. Edoai Kand, B.A. ii. 

54- Analytical Chemistry, Qualitative and QHantilalive, a Course 

of. To which ii ptcilacd. a flt!erirrati» npoo Modem Chemical NomeacU- 

ture and Notation, By Wu. W. PiKit and Gioica E. WEaBTm. m. 

THE SCHOOL MANAGERS' SERIES OF READING 

BOOKS, 

Edited by the Rev. A. R. Gsahi, Rector of Hitcham, and Honorary Canon o( Ely ; 

' — ^erlyH.M. Inspect-- -•'^-'— '- 
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FRENCH. 
24. French Grammar, With Complele and Concise Roles on liie' 
Gendcn of Frmch Nouni. By G. L. Siiui:ss, Ph.D. 11. 6d. 

sj. French-English Dictionary. Comprising a luge number of 
New Tcruii med in EDBinwring, MEoing, ftc. By Alfrbd Em-ES. 11. fid. 

t(i. English-French Dictionary, By Alfsed Elwes. ;s, 
35,26. French Dictionary {as above). Complele, ia One Vol., 3s. ; 

clalb l>ou<ti, ji, £d. %* Or wilhtbc Giuiutiiii, duUiboordi. fs.^. 
47. French and English Phrase Book 1 contaimng Intra- 

-■ ■ wjlb Tranilalior|.. Mveral Vecabub™. of Wordi, a Cel- 



led 



lUbio PI 






agua. 



GERMAN. 
I. German Grammar. Adapled for English Students, 

Heyjc'iThroretlealondPrarticiIGrainnur, by Di. G. L. Sr«ios«. ».i 
'. German Header : A Series of Extracls, caretiilly culled bam ' 

moit approved Aulbort of GcmiaDy; wilb Nala, Philolaiical 

plaDatory. By G. L. SrsAUH, Ph.D. 11. 

1- German Triglot Dictionary. By N. E. S, A. Hamilton. 

Id Thire FaiU. Put 1. German -Frcacb-Engliib. Put II. EnglLib-G«- 
roan-FrcBcli. P.irt III. French -Germ an- En gli.h. j>., or cloth boardi, a- 

J German Triglot Dictionary (as above), together vith Gennan 

). GraraiMr (No. j!i), in One Volume, cloth boird^, ss. 



1 tx- ■ 



:oiine4 



. Italian Triglot Dictionary, wherein the Gecdeis of all the 

Italian and Fieoch Nomn aie catedilly noled down. ByALTBra Elwu. 
Vol. I. lialian-Engliji-Frtocli. M.6d. 
I. Italian Triglot Dictionary, By A. Elwss. VoL *. 
EnelJih-Fmcb^ltalUn. ».ed. 

. Italian Triglot Dictionary, By Alfred Elwes. VoL }. 

Fnnch-It.-iUan- English. 19. Ed. v 

3, Italian Triglot Dictionary (as above). Iq One VoL, 7a. Sdi] 



i 



. Spanish- English and English-Spanish Dictionary. 

IncludTnEa.lirHenuinberofT«hnic«ITenn»uicdiBMiniaE,EoEine«ine.fcc., 
with the proper AcccnU and tbo Gender of every Noun. By Alfeed ElWK. 
49. ; clolb boardi, 51. *.* Or wilb the Grahiuii. dolh boardi, 6s. 
. Portuguese Grammar, in a Simple and Practical Form. 
With a Course of EierciiK. By Alprbo Elwm. is. M. 

. Portuguese-English and English- Portuguese Dic- 

tionan-r. Including, a large number of Tt-'-'"' "^ -' - »<-■■-- 

; tlotb boards, t 



doth boards, 71. 



lendn of «... 
ir with Ibe Gu. 



HEBREW. 
'. Hebrentf Grammar. By Dr. Bresslau. is. 6d. 
,. Hebreiv and English Dictionary, Biblical and Rabbini 
containing the Hebrew and Chaldco Roou of iho Old Teil ' 

>. English and Hebrew Dictionary. By Dr. BltSSSLAD. 
6, Hebrew Dictionary (as above), in Two Vols., complete^ H 

. the G»AH M*».dDai\ipa.iSt.\i^- 
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LATIN. 

ig. Latin Grammar. ConUining Uic Inflectiooi and Elcmenlan 
Priniipl« o( IVaniUlino and ConitnietioB. BvliiP Kit. Thohai Goodwih, 
U.A..Me«lMuIeci]fihi>Grcean>idiPntprictuySchdoI. i<. 

lo. LallQ-English Dictionary. By IheRev. TuouasGoobwin, 



- - M.A. 

S.ii. Latin Dictionary (»s above). Ccmplele in One Vol., \i. M. 
ctolb buidi, 41. 6d. *.* Oi with Ihs Ghammar, cloth hoaKli, ji. 6d. 
LATIN CLASSICS. Wllh Eiplanalory Notos in Engli.h. 
I. Latin Delectus. Conlainiiie Extnicti trom Clusical AuthoR, 
with GenuToij;,^!] Vocabuluiu juid EipUnitaiy Nates, h; H. YoitKO. it. ad. 
I. Ceesarls Commeatarii deBelloGallico. Notes, and a Geognipblol 
Keg>ili:rrDrUieU»iirSchDali,byU. Vot-Ho, ». 

3. Corneliua Nepos. Wilb Nolei. By H. Yovkg. I». 

4. Virgllii Maronis Bucolicn «I GeorgUa. Wilh Notes on the Bnco- 



lici 



)a tbs GcD 



5. VirgUil Maronis .^Dei«. With Notes, Critical and Eiplanatorr, 
bj H. YoiTHO. New Edtltan, revi»d lod impravcd Willi rDnioni Adji- 



wbyKov.T.H.i..Li 



;fs^ 



6. Horace; Oda, Epode, and Carmen Sxcubte. Notes by U. 
You™. iji.6d. 

-,. Horace; Satires, Eniatles, and An Poeiica. Notes by W. Bkown. 

u«t SHitii, M.A., F.K.G^. is.6d. 

8. Sallustlt Crispi Catnlina et BeUoni Tueurthinum. Note*, Critical 

ud Eiplanatorj. by W. M. Doksb, B.A.,Triii. Coll., Cam. ii. 64. 

9. Terentii AHdria et Heaulontimonimenos. Wiih Nolei, Critical 

lod EipUulorr. b^ the Rev. jAuu DAvlms, U Jl. 11. 6d. 

10. Terentii Adelphi, Hecyra, Pfaormio. Edited, with Notes, Critical 

and EipUnalory, t>y tbo Rev. jAues Daviu. M.A. ». 

11. TerentU Eunuchns, ComosiUa. Notes, by B.ev. J. Davies, M.A 



13. Clceronle Orationes in Catilinam, Venem, et pro Archia, 

Witli Introdudlion. Aoalytii, and NolM, Eiipl»ii»loiy »nd Critifr.1, by Rov. 
T, 11. L. LuAkV, U.C.L. fonnerly Scholai o[ lliaseiiote Collvgi-. Ciibid. 

14. Gtceronis Cato Major, Lselins, Brutus, live de Sencclule, i|e Ani- 

litia. dc Clirii Oratoribua Dialogi. Wilh Note, by W. BKowx.itra Smith, 
M.A., F.R.G.S. «. 

16. LIvy: History of Rome. Note* by H. Youwa and W. B. Smith, 

MA. Part I. Boolit i., ii., 1.. td. 
■G*. Pan >. Boaki iii.. iv,. *., 11, ed. 
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